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GyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?yvvvzvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvv(_vvv#GyvvvgvvvQN,hvvvvPyvvvxG:SvvvAvvv"vvvAvvv9Fvvv9J
hGyA(Y+9J.

Ch:
k

:Gy(\hGyT+9S,hG:sAZ9OjhG:FA}9f,GA9[
yzOhdGy"9|+?hGy(_#GygQN

1vvvvvpvv,Gyvv=vvOG*vv?:<vvO|vv#GyvvAvvTvvz+~<vvzf
q

GCGvvAvv}vvhGyvvOh[MvvAvvzvvrpvv,|vvavvzvvhGyvvtvvQf
Gyvv(GIvvOhGyvvgvvWvvQ*vv#fvv}qvv9vvv9ffvvz+&pvv,GyvvgvvtvvOG}Lvv+vvQ|vv#GyvvtvvQfGyvvgvvWvvQ*vv#,Ivv+vvEvvv9!vvB
fvvOIsvv(iOhy+?@vvAvvtvv9Svv~Ivvwvv~$vvPGGCGvvAvv}vvh|vv#Gyvv"vv9Ivv+vv?Gyvvgvv}vvz+?,h<vv9yvvAvv9[CC

q
vvQJpvv,

fv}vz+9JGyvAv"v}v+v?G:svAvZv9O*v?hG:FvAv}v9fv+v?pv,Csv9y+}v&hpv,Ohyv&<v"vdv~Sv+v9Sv+v?hGsvAvZv9O*v?
JvvAvvzvvqvv?_vv=vvtvv%vv9fvvOOl|vv#GyvvOhdGyvv"vv9|vv+vv?hGyvvAvv,G!vvgvvwvvTvvBSvvzvv=vv9

k
ChEKvv9<vv9

k
fvv̂Vvvgvv(H$vvPg

GCGvvAvv}vvgvv9J.E:Cf
q

fvv}vvz+?G8vv+vv9QG:;vv9OGyvvTvv(pvv+vv9OGyvvTvv9<vvuh@vvqvvwvvxGCgvvTvvwvvQG:VvvAvvQGvvv,
h!vdv9|v%v}v9G:svAvZv9OjG:VvAvQGvv,,COq*v9<vWvwv{Ch<v5LvQE]<vzv(QIhcv%v(Q|vqv9$v+v~Gyvtv(I
Gyv(GIvOICh|v9fov=qvQfv"v%v9<vWvwv{COb<v"vdv9eGyvgv(C?(GyvTv+v9Sv,hG:svAvZv9OjhG:FvAv}v9fv,
hGyvvDvvtvv9pvv,)GyvvPj@vvTvv+qvvQg@vvzvvxGyvvtvv(IGyvv(GIvvOI.hvvv9!vvBCIvvOGKGAvv9OjfvvWvvQ|vv#C*vvzvv(d/
Svv=vvAvv}vv=vvQfvv9e2001Svv=vv=vv9

k
E\vv9pvv+vv9

k
yvv%vvPgGyvvtvv(IGyvv(GIvvOIyvvAvv=vvzvv(Q!vvdvv9eGyvvgvv(C?GCPvvv(Q,

yvvAvvJvvtvv+vvuC$vvOGpvv%vv9GyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvDvvtvv9pvv+vv?,<vvJvvGvv?Gyvvtvv]vv9Afvv̂
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|vvqvv9$vv+vv~G Q$vv9H(<vvJvvTvv>hFvv%vv?!vvdvvQ$vv9),|vvAvvGvv9$vvzvv?<vvPyvvxIvvuGyvvWvvgvv(Hpvv,GyvvOpvv9Y
fvvv#Ch_vvv98vvv9h|vvv(GQO$vvv9GyvvvAvvv,@vvvTvvvAvvvjvvv{<vvvWvvvwvvv{Ch<vvv5LvvvQ|vvv#svvv=vvv{$vvvPgGyvvvtvvv(IGyvvv(GIvvvOI
hIzq9F%9GCzR|_<9yAg9hf|g%9.

|vv#Fvv%vv?CLvvQi@vvgvvQ\vvBGyvvOhdGyvv"vv9|vv+vv?,<vv}vv9pvv+vv%vv9GyvvOhdGyvvgvvQ<vv+?,pvv,GyvvtvvQ!vv+#
GyvvAvv9SvvhfvvWvvQhGyvvgvvWvvQ*vv#C(Fvv?G:SvvAvvgvv}vv9QGyvvjvvQNhGyvv"vv}vv(GyvvQCSvv}vv9[,<vvJvv+vvEfvv}vvzvvB
GyvvvOhdGyvvvwvvv=vvv+vvvQIfvvv̂GsvvvAvvvTvvv9eGyvvvgvvv9DGyvvv"vvv9|vvv,,|vvvTvvvAvvvjvvvzvvv?<vvvPyvvvx<vvvzvvvrGyvvv=vvv"vvv)G:svvvAvvvZvvv9O*vvv?
hG:FvvAvv}vv9fvv+vv?hGyvvgvvTvvwvvQ*vv?pvv+vv&.yvvtvvO@vv(SvvgvvB<vvQ*vvavv9!vv+9CvvvDvvQ|vv#140|vvQqI|vv#|vvTvv9Ivv?
FvR*vQ7v9G}Yvz+?,h\v9fvqvB$v(yv"vOG|vTv9IvAv%v9CvvDvQ|v#60\vgvqv9

k
,hpvQ!vTv920\vgvqv9

k

h$vvwvvPG<vvtvv+vv?GyvvOhdG}hQh<vv+?G}LvvQi.h|vvh@vv(SvvhYvvQGYGyvvOhdG}hQh<vv+?GCTvvAvvgvv}vvQI
<vvgvv]vv%vv9|vvh<vvgvv̂|vv#Lvv;dGAvvQ<vv+#Gyvvgvv9C+vvAvv_G}h]hGyvvDvv9!vv+?hcvv%vv(Q|vvgvvTvvwvvQGyvvOhd
G:VvvAvvQGvvv+vv?Lvv;dGyvvgvvtvv(OGBvv}vvTvv?G}Lvv+vvQI|vv#GyvvtvvQfGyvvgvvWvvQ*vv#,GyvvPjOLvv{pvv,$vvPG
GyvvZvvQGY,;vv(qyvvB|vv"vv9_vvuGyvv"vvqvv(Ppvv,Gyvvgvv9Dh<vvOCJ|vvQIvvzvv?FvvO*vvOI|vv#GyvvAvvavv(QGyvvTvv+vv9Svv,
hG:sAZ9OjhG:FA}9f,p,Gyg9D.

|vvv#Fvvv%vvv?Cvvv9!vvv+?FvvvQJLvvv;dGyvvvgvvvtvvv(OGyvvvDvvv;Cvvv?(1945vvvvv1975),GyvvvAvvv,Cfvvvtvvv=vvvB
GAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?,fvv}vvz+9JGSvvAvvtvv;dGyvvOhdGyvv"vv9|vv+vv?GCTvvAvvgvv}vvQIpvv,vvv{|vv#<vvzvvOGf
BSvvv+vvv9hCpvvvQ*vvvtvvv+vvv9hC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?,E:Cf

q
|vvvgvvvdvvv}vvv%vvv9D*vvvAvvvTvvv#nyvvv%vvv9G:!vvvqvvv;J|vvv#Cfvvv=vvv9A

GyvvTvv+vvavvQIG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvTvv+vv9Svv+vv?hGyvvDvvtvv9pvv+vv?GC=vv9VvvQIhivv+vvQGC=vv9VvvQIyvvzvvOhd
GyvvvjvvvQ<vvv+?,h<vvvMvvv9Yvvv?OhdGyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?h<vvvQ*vvvavvv9!vvv+9hpvvvQ!vvvTvvv9.<vvvtvvv+vvvB$vvvPg
GyvvOhdGyvv"vv9|vv+vv?@vvQRM;vvBCfvv=vv9AHvv}vv(fvv?|vv#Svv}vv9JGyvvAvvMvvzvvrGyvvTvv+vv9Svv,hG:svvAvvZvv9Oj
hG:FA}9f,IA)G6f,h|#C<QR$9GyA9[:

CvvvvvS}9JGyAMzrGyT+9S,

!fvvvvOehFvvvv(OGyvvvvTvvvvzvvvvavvvv?pvvvv,C*vvvvOjGyvvvvqvvvv8vvvv9JGyvvvv(_vvvv"vvvv+vvvv?GyvvvvAvvvv,EvvvvDvvvv{ivvvv9yvvvv=vvvv+vvvv?Svvvvwvvvv9f
GCGvvAvv}vvgvv9J,EPIvvQYvvBGyvvOhdGCTvvAvvgvv}vvQIfvv̂E<vvtvv9A$vvPgGyvvTvvzvvavv?pvv,C*vvOjsvvzvv?|vv#
G}pvQGO(fvTvwvQ*v_Ch<v(QFv(GR*v_Ch:v9Q)y+wv(!v(GYvzv?Gyv(Yv{<v+#GyvOhdGCTvAvgv}vQI
S9<t9

k
hGC(GQOGya=+g+?y%PgGyOhdGy"9|+?6Oa@"d+~f}z+?GSAj;y%9.

!\vvgvvrGyvvOhdGyvv"vv9|vv+vv?Svv+vv9Svv+vv9
k

fvv̂Gyvv"vvavv9bGyvvgvv9C,,pvvqvv,fvv9e2005Vvvw
q
vvzvvB

GyvvOhdGyvv"vv9|vv+vv?CvvvDvvQ|vv#Cvv;Cvv?CQ<vv9YOhdGyvvgvv9D(|vv"vvdvv}vv?G}|vv~GCAvvJvvOI),h:@vvTvvAvvavv+vvh
G<v9PsvQGQyvZv9yvKVvgv(6v9pv,HvzvUG}|v#GyvOh[GyvPj@vZv9ZsvQGQG@v&<vJvTv>|vZv9yvK
GyvvOhdGyvvjvvQ<vv+?hIvvzvvqvv9Fvv%vv9(vvv}vv9$vv(GAvv9d<vv9yvv"vvTvv=vv?E]GyvvtvvQGQGJGCAvvgvvzvvtvv?<vvJvvtvv(bGyvvWvvgvv>
GygQNh<M9Y?GyqzTa+",|"&).
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!G:Q@v=v9WGyvTv+v9Sv,yvtvTv~vv=v+vQ|v#GyvOhdGyv"v9|v+v?<v9yvOhdG}hQh<v+?h<v9yv(:*v9J
GCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?vvvv(fGyvvvOhdG}h]Lvvv9\vvvgvvv?GsvvvAvvvZvvv9O*vvv9

k
hGFvvvAvvv}vvv9fvvv+vvv9

k
hpvvvwvvvQ*vvv9

k
yvvvzvvvOhd

GyD9!+?.

!fvvOe@vvgvv9hfGyvvOhdGyvv"vv9|vv+vv?Svv+vv9Svv+vv9
k
<vvgvv]vv%vv9|vvh<vvgvv̂<vvWvvwvv{FvvOjhEfCLvvPJ

$PgGyd9$QI@A]9AdvD+QG
k
p,G6h!?G}L+QI.

HvvvvvS}9JGyAMzrG:sAZ9Oj

!\grGyta9YGyZ"9f,hS+aQIGyZ"9f?GBq+q?h<M9Y?GyRQGf+?|"%9.

!Gyvvavv9<vvhGyvvRQGfvv,GCAvvMvvzvvrhGfvvAvv}vv9OGyvvRQGfvv?fvv̂IvvZvv(dChGCvv"vv_QFvv+vvTvv+vv_pvv,
GAZ(df^GyOL{Gyt(|,v9yta#(|ZQhGyT(OGfhS(Q*9hi+Q$9).

!GyA=g+?G:sAZ9O*?hfOeG:SAtQGQG:sAZ9Oj.

!G!AW9QGy=a9y?h!t[Gy+OGyg9|z?GB=+QI.

!R*vv9OI|vvgvvO:J!vv}vv(GyvvTvvwvv9f<vvWvvwvv{hG\vvKGyvvAvv,@vvTvv%vv~pvv,G!vvMvvqvv9V|vvAvv(Svvb
GyOL{GyqQOjGC"Mq^CY;

k
.

!G!Mq9VGyOL{Gyt(|,hS(A@(R*g&f^Sw9fGytaQ.

LvvvvvS}9JGyAMzrG:FA}9f,

!G!AW9QG}|+?<Ww{hGSh!A+G?GyR*9OIGyTw9!+?Gyw=+QIGCTA}QI.

!fOe@(GpQGyZJ?hG!AW9QG}|QGVGy(<9F+?.

!hF(Oc(G$QS(AGyAjP*?.

!fOe@(GpQGyTw#GyZJ,GC;F~yj9y=+?GyTw9f.

!Gy%GQIGyOGLz+?E]GCOfh<M9Y?Gya=t9JGCAgz}?hGB=+QIyzOhdGCAa(QI.

2vvvvvGyvvv"vvv}vvv(GyvvvTvvvQ*vvvhyvvvzvvvZvvv"vvv9fvvv?GyvvvjvvvQ<vvv+?(pvvv,\vvv(AGyvvvDvvv(QIGyvvvZvvv"vvv9fvvv+vvv?)<vvv}vvvMvvvAvvvzvvvr
C!vv(Gfvv%vv9,hGSvvAvvjvv;yvv%vv9Gyvv(GSvvhyvvzvv}vv(GQOGyvvavv=vv+vvgvv+vv?Gyvvgvv9C+vv?(|vv#!vvqvvbhpvvJvv~hivv9Rhivv+vvQ$vv9
|vv#GC(GOG}hy+?)COqiE]@vvO$vv(QhGSvvhyvv%vvPgGC(GQOGyvvavv=vv+vvgvv+vv?(LvvQhL17,5pvv,GC8vv?
|vv#G}QG\vv,Gyvvtvv9<vvzvv?yvvzvvRQGfvv?fvv9C+vv9

k
Cj|vvz+9Qnj$vvwvvAvv9Qh@vvO|vv+vvQ|vv9<vv+#12vvvvv16|vvz+(f

$vvwvvAvv9Q|vv#Gyvvjvv9<vv9JGyvvavv=vv+vvgvv+vv?hpvvtvvOGfCvvvDvvQ|vv#15pvv,GC8vv?|vv#|vvwvv(!vv9JGyvvAvv"vv(YGAvv+vv(j
IvvAvv)Gyvvgvv9e2000).*vv]vv9aE]PyvvxGyvvAvvjvv+vvQGJGC"vv9Lvv+vv?fvv̂GyvvwvvQIG}Q\vv+vv?,|vvAvv}vvDvvzvv?
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<vv9Q@vvqvv9YIvvQGQ7vv9!vvAvv+vvGvv?Cvvtvv>G}hRhf,GyvvAvv,COqJE]GyvvwvvDvv+vvQ|vv#Gyvvwvv(GQKGyvvavv=vv+vvgvv+vv?
|vAv}vDvzv?<v9yvqv+v]v9!v9JhG}fv9Yv+vQhGyvR:RdhG@vqv9aGyvAv,@v=vzv(QJpv,GyvTv"v(GJGBv}vU
G}Lvvv+vvvQI(2000vvvvv2005),hG!vvvgvvvwvvvTvvvB=vvv+vvvgvvv%vvv9pvvv,@vvvZvvvJvvvQGyvvvwvvvDvvv+vvvQ|vvv#G}QG\vvv,
hLvvvQhFvvv%vvv9|vvv#GyvvvRQGfvvv?,h<vvv9yvvvAvvv9[G!vvvMvvvqvvv9VG !vvvAvvv9LGyvvvRQGfvvv,,E\vvv9pvvv?

k
E]hpvvv9I|vvv8vvv9J

G}yvv(a|vv#GyvvTvvwvv9fh@vvWvvQOGC;*vv_|vv"vv%vv~.$vvPGGyvvAvvO$vv(QGyvv=vv+vv8vv,GCQGpvvuyvvR*vv9OIGyvvTvvwvv9f
Gyvwv=v+vQIpv,GyvOhdGyv"v9|v+v?(1,07|vz+9QpvQOfv9e1900h4,75|vz+9QpvQOfv9e,1998
h|vv#GCAvv(svvhCf*vvZvv{GyvvQsvv~E]7,07|vvz+9QpvvQOfvv9e2025)|vvtvv9<vv{GyvvR*vv9OIGyvvavvqvv+vvqvv?
yvvvvzvvvvTvvvvwvvvv9fpvvvv,GyvvvvOhdGCAvvvvtvvvvO|vvvv?(0,56|vvvvz+9QpvvvvQOfvvvv9e1900h1,18|vvvvz+9QpvvvvQOfvvvv9e

1998h1,50|vvz+9QpvvQOfvv9e2025@vvtvvQ*vv=vv9
k
)|vv#Fvv%vv?,hyvvzvv"vvtvv[Gyvvwvv=vv+vvQpvv,GC(GQO

GC9Fvv+vv?yvvzvvgvvO*vvO|vv#G}svv9y+~Gyvvgvv9C+vv?(|vv"vvavvtvv?GyvvWvvQbG}hSvvbhVvv}vv9dCpvvQ*vvtvv+vv9|vvDvv;
k
)Ivv+vvE

$v"v9c30vvvvv35Ohyv?|vZv"vqv?Ohy+9
k

\v}v#|vqv%v(eGyvOhdPGJGyv"vOQIGC9Fv+v?h|v"v%v9GyvgvO*vO
|vv#GyvvOhdGyvvgvvQ<vv+?|vv#Fvv%vv?CLvvQi,|vv9COihSvv+vv|OjE]CR|vv9JGFvvAvv}vv9fvv+vv?vvvvvGsvvAvvZvv9O*vv?
p,GyOhdGy"9|+?.

3vvvvvyvvtvvO@vvQ@vv>fvv̂R*vv9OIGyvvTvvwvv9fGyvvwvv=vv+vvQIpvv,GyvvOhdGyvv"vv9|vv+vv?|vv#Fvv%vv?,h@vvO$vv(Q
GC(GQOGyvvavv=vv+vvgvv+vv?(G}QVhGC+vv9g)|vv#Fvv%vv?CLvvQi,|vvh<vvOG*vv?GyvvgvvtvvOGyvvTvv9<vvh|vv#GyvvtvvQf
GC9\vv,,cvv%vv(QCR|vv?GyvvjvvPGApvv,$vvPgGyvvOhd($vv"vv9c1,3|vvz+9QpvvQOpvv,Gyvvgvv9D*vvgvv+vvWvv(f
fvvv̂Csvvv{|vvv#Oh:Qpvvv,Gy+(evvvv}vvv9CfCvvvzvvvESvvvwvvv9fGyvvvgvvv9DGyvvv"vvv9|vvv,pvvvtvvvQGA,h@vvvQ@vvvqvvvh$vvvPg
Gyv"vTv=v?E]|v9<v+#70vvvvv80pv,GC8v?pv,Esvz+~GyvZvJvQGAG}pvQ*vtv+v?.hEfGSvAvav9fvBGyvDv(QI
GyvvRQGfvv+vv?GBvv]vvQGAGyvvAvv,IvvOCvvBpvv,GyvvOhdGCAvvtvvO|vv?h<vvgvv̂GyvvOhdGyvv"vv9|vv+vv?pvv,Gyvvgvvtvv(O
GyvvvvDvvvv;Cvvvv?GC9\vvvv+vvvv?Ivvvv{

q
$vvvvPgGCWvvvvwvvvvzvvvv?FvvvvRFvvvv+vvvv9

k
,E:Cf

q
GAvvvv{Fvvvv9Afvvvv̂IvvvvTvvvv9HVvvvvgvvvv(H

hHvvAvv}vvgvv9JGyvvOhdGyvv"vv9|vv+vv?PG7vv9FvvDvv;
k
<vvMvv]vv(YSvv+vv9Svv9JGyvvgvvO*vvO|vv#$vvPgGyvvOhdyvv(_vvzI

GCTvvv9fvvvOGJGyvvvjvvvPGFvvv+vvv?yvvvzvvvOhdGCAvvvtvvvO|vvv?,hpvvv,|vvvtvvvO|vvvAvvv%vvv9Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?
hyARG*O$9L;dGygtOG}hd|#GytQfGy(GIOhGygWQ*#.

4vvvvvEf
q

pvvvGvvv(IGyvvvAvvvtvvvOehGyvvv"vvvGvvv9M<vvv+#GyvvvOhdGyvvvZvvv"vvv9fvvv+vvv?|vvv#Fvvv%vvv?h|vvvgvvvdvvv~GyvvvOhd
Gyvvv"vvv9|vvv+vvv?|vvv#Fvvv%vvv?CLvvvQi,@vvvAvvvTvvvh<vvv9SvvvAvvv}vvvQGQ.Gyvvvavvv=vvvtvvv?G}vvvvDvvvQivvv"vvv)pvvv,Gyvvvgvvv9DCjGyvvvOhd
GCAvvvtvvvO|vvv?(20pvvv,GC8vvv?|vvv#Svvvwvvv9!vvv&@vvvtvvvQ*vvv=vvv9

k
);vvvZvvv{fvvv̂85pvvv,GC8vvv?|vvv#OLvvv{Gyvvvgvvv9D

G =vvv9[hfvvv̂80pvvv,GC8vvv?|vvv#IvvvGvvv~GSvvvAvvv%vvv;vvvv&,h@vvv=vvvEpvvv,CFvvv(GFvvv&CvvvzvvvDvvv,Gyvvvjvvv9RGJ
GyvvTvv9|vv?<vvJvv+vvE@vv|CvvQpvv,90pvv,GC8vv?|vv#@vvO$vv(Q_vv=vvtvv?G}hRhf,pvv,Ivv_CfGyvvavv=vvtvv?
G}vvvDvvQpvvtvvQG

k
pvv,Gyvvgvv9D(20pvv,GC8vv?|vv#Svvwvv9fGyvvOhdGyvv"vv9|vv+vv?);vvZvv{fvv̂15pvv,GC8vv?

|vv#OLvvzvv&.|vv#Fvv%vv?CLvvQi,svvOqQfvvOOG@vv9Fvvgvv_pvv,GyvvgvvtvvOG}Lvv+vvQ|vv#GyvvtvvQfGyvvgvvWvvQ*vv#
<vvzvvvDvvQ|vv#786|vvz+(fpvvQO,h*vvROGO$vvPGGyvvgvvOO<vv9SvvAvv}vvQGQ|vvhGyvvR*vv9OIGyvvTvvwvv9!vv+?GCTvvAvv}vvQI
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pvv,Gyvvgvv9DGyvv"vv9|vv,.yvvtvvOCOJfvv(G|vv{vvvDvv+vvQIE]hFvv(O|vvWvv9vvv{Gyvvgvv9DGyvvjvvPGFvv+vv?,|vv"vv%vv9!vv}vv(
GyvqvtvQGCAvRG*vOhGyvO*v(fhG!vMvqv9VGyv"v}v(G:svAvZv9Ojpv,GyvOhdGyv"v9|v+v?hcvQhaGyvqvtvQGA
GyvvAvvGvv9Q*vv?hGyvv"vv}vv(GyvvTvvwvv9PGCAvvRG*vvOhGC"vv9Lvv9Jivv+vvQGC;Fvv}vv?hGAvvQhHhELvvqvv9bGyvvOhd
Gyvvvv"vvvv9|vvvv+vvvv?pvvvv,Svvvv+vvvv9Svvvv97vvvv9G !vvvv}vvvv9Fvvvv+vvvv?.h*vvvv(\qvvvvKGyvvvvgvvvvO*vvvvO|vvvv#GC|VvvvvQGJCf

q
$vvvvPGGyvvvvAvvvv=vvvv9*vvvv#

G:FvvvAvvv}vvv9fvvv,GAvvv9O,|vvvhGyvvvAvvvO|vvv+vvvQGCTvvvAvvv}vvvQyvvvzvvv=vvv+vvv8vvv?,*vvv}vvvDvvv;fGBvvvavvvQG@vvv9Ofvvv̂GyvvvTvvv;e
|vvTvvAvvtvv=vv;

k
.pvv{PGpvvtvvOJivv9yvv=vv+vv?Svvwvv9fGyvvwvvQIG}Q\vv+vv?GyvvqvvtvvQGAG}|vv{pvv,GAvvZvv(dfvv̂

GyvvOLvv{GCgvvtvv(dGyvvPj*vv||vv#|vvAvvavvzvv=vv9JIvv+vv97vv~G}Svv9Svv+vv?,pvvTvv(a;vvQqVGyvv"vvRGfvv9J
GCO!v+?$v|:AGyvqvtvQGAGCJvQh|v_,hSv(a@vROGOGyv"vRGfv9JhGCGv96v9JGyvOhy+?fv"vqv9

k
|v#

CFv{GAvZv(dfv̂GC(GQOGyv"v9OQI,hSv(a@vtv(O$vPgGyvgv9sv=v?ChGyv"vAv+vGv?E]@vO|v+vQvv=v+vQ
yvvvzvvv}vvv(_vvv#hE]GyvvvqvvvtvvvQhGyvvv%vvvGvvvQIGyvvv(GSvvvgvvv?.h|vvv9!vvv;Ivvvdvvv&|vvv#YvvvQGY<vvv+#GyvvvOhdGCAvvvtvvvO|vvv?
<vvRfvv9|vv?Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?h|vv9@vvavvzvvufvvz+&$vvPgGyvvOhdzG Q$vv9HGyvvOh[y|vv9
$(E:Y(QI|ZjQIf#$PgGy"RGf9J.

5vvvvvyvtvO<vQRJyvOi<vgv̂GyvQCSv}v9y+_Gy+}v+"+v_GCAvavQpv_pv,8v9*v?GyvgvtvOG}Lv+vQ
|vv#GyvvtvvQfGyvvgvvWvvQ*vv#,h<vvOG*vv?GyvvgvvtvvOG}hd|vv#GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#pvvwvvQIhFvv(O
GCz+9QGyvvvP$vvv=vvv,|vvv#GyvvvTvvvwvvv9fpvvv,vvvv(vvvv>G}QVpvvvtvvvb.h<vvv9yvvvAvvv9[pvvv;\vvvQhQIyvvv(Fvvv(O|vvv9
@vv=vvtvv)|vv#Svvwvv9!vv&GyvvP*vv#*vv}vvDvvzvv(ffvv=vv8vv9

k
fvv̂GyvvOhdGCAvvtvvO|vv?(<vvJvvTvv>hFvv%vv?!vvdvvQ$vv~)pvv,

@vjvP*vAv%v~hIv+v97v~Gyvgv9O*v?,h<v9yvAv9[@vgv9QV$vPgGCGv}v(fv?GyvQCSv}v9y+?GCAvavQpv?G6fCj
@vvtvvOeyvvzvvOhdGyvv"vv9|vv+vv?pvv,G|vvAvv;cGyvvAvvwvv"vv(yvv(Fvv+vv9JGyvv"vv(h*vv?hGAvv+vv(*vv?hivv+vvQ$vv9|vv#hSvv9Fvv{
GyvAvav(QGAvO*vE,<vJvGv?7vO*vOGyvTv;eGyvgv9C,(vv}v9$v(Iv9OKG6f|vhvv(Q*v9GyvWv}v9y+?
hE*QGf,hGyZQGYGBq,|h<g^GyOhdG6S+(*?GC9yw?|D{$PgGyAw"(y(F+9J).

6vvvvvE\vv9pvv?E]Gyvv"vvtvv9WGBvv}vvUGyvvTvv9<vvtvv?,RQYG:SvvAvvgvv}vv9QGyvvjvvQN(<vvQ*vvavv9!vv+9hpvvQ!vvTvv9
<vv9yvvAvvgvv9hf|vvhGyvvZvv%vv+vv(!vv+?Gyvvgvv9C+vv?hGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?)GyvvOhyvv?G SvvQGFvv+vvz+?pvv,
hSvbGCGvAv}vhGyvgvQNCjpv,pvzvTvav_,<v}vqv9$v+v~O*v"v+v?:*vtv=vzv%v9fvtv{,6vOa|v"vhOhyv&
|vvv#GyvvvAvvv(IvvvO|vvvTvvvAvvvtvvv=vvv;

k
hGSvvvAvvvjvvv;dLvvv+vvvQG@vvv&h|vvv(GQOgGCAvvv}vvvDvvvzvvv?<vvv9yvvv"vvvqvvvbCh:

k
,h<vvv}vvv(svvvgvvv&

G:SvvAvvQG@vv+Gvv,Gyvvgvv9C,Cv9!v+9
k

,hE<vvtvv9Fvv&fvv̂<vvzvvqvv&GyvvPjOGe_vv(GdsvvQhffvvO*vvOI|vv#Gyvvgvv%vvO
GyvvgvvDvv}vv9PhGSvvAvv}vvQ<vvgvvOGAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?<vvWvvwvv{Ch<vv5LvvQ<vv9yvvQivv~|vv#G:SvvAvvtvv;d
GyvTv+v9Sv,GyvPjIvtvtvAv&Ohyv&hGyvAv,|v9RGdCivzv=v%v9|vQ@v=vav9

k
<vWvwv{Ch<v5LvQGsvAvZv9O*v9

k
h|v9y+9

k

hGFvvvAvvv}vvv9fvvv+vvv9
k
<vvv9yvvvOhdGyvvvjvvvQ<vvv+?hpvvv,_vvvz+gvvvAvvv%vvv9Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?GyvvvAvvv,;vvv9hd

G:SvvAvv}vvQGQpvv,GyvvTvv+vvavvQIfvv̂GC(GQOGyvvgvvQ<vv+?hpvv,|vvtvvO|vvAvv%vv9Gyvv"vvqvvb|vv#Lvv;d|vvWvvQhfvv%vv9
GyvvWvvQbG}hSvvbGyvvwvv=vv+vvQ,|vvTvvAvvjvvzvv?<vvPyvvx|vvqvv9$vv+vv~GyvvO*vv}vvtvvQG_vv+vv?GyvvjvvQ<vv+?Gyvvtvv9Fvv}vv?fvv̂svv%vvQ
GyWg(HGC"9\z?p,S=+{;Q*Q<;O$9v}9$(GA9dp,pzTa_hGygQGb.
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7vvvvv@vgvAv=vQcv9$vQI$vGvQIGyvgvtv(d|v#GyvOhdGyv"v9|v+v?E]GyvOhdGCAvtvO|v?<vjv̂Gyv"vdvQ
fvvv#CSvvv=vvv96vvv9,CIvvvOGyvvvgvvv(G|vvv{GC|CvvvQIpvvv,fvvv}vvvz+9JGyvvvAvvv"vvv}vvv+vvv?G:svvvAvvvZvvv9O*vvv?vvvvvG:FvvvAvvv}vvv9fvvv+vvv?
GCTvvAvvOG|vv?<vvgvv9|vv?,hpvv,GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?<vvMvv9Yvv?,vvv(8vv9|vvQ@vv=vvavv?<vvAvv(pvv+vvQG}|vv#
GyvjvPGFv,yv%vPgGyvOhd<v9yvOQFv?G}h],vv}v9@v|CvQpv,GyvAvQvv+v>Gyv%v+vwv\yvzvTvwv9f,hvvPyvx
pvv,Gyvvtvv(iGyvv=vvWvvQ*vv?.h@vvROGOCGvv+vv?$vvPgGyvvdvv9$vvQIhSvvb@vvavv=vv+vvu|vvqvv%vv(eGyvvgvv(C?GyvvAvv,@vvTvv}vvK
<vv9!vvAvvtvv9d$vvPgGyvvwvvqvv9AGJGyvvgvvzvv}vv+vv?<vv+#GyvvOhd|vv#OhfQsvv9<vv?,EPSvvAvvJvvQe$vvPgGyvvdvv9$vvQI
GyvvOhdGyvv"vv9|vv+vv?|vv#G:SvvAvvqvv9OI|vv#Lvv=vvQGJh|vv|$vv;JGyvvavv=vvtvv?Gyvvgvvzvv}vv+vv?yvvO9vv9<vv{:vv+qvvQ$vv9
yZ9yKGyOhdGCAtO|?.$PGh@A"(YGy%GQGJyzOhdGCAa(QI<9}Vw9dGyA9y+?:

vvvvv$GQIPhjGC%#GAQIv9}_=9AhGC%"OS_hG:sAZ9O*_hGCJ9|_hC|D9y%~.

vvvvv$GQIGyq"+_GyP*#*Wwz(fIzt?G:@Z9d<+#GC%"OS_hGyg}9dGC%QI.

vvvvv$vvGvvQIGyvvgvv}vv9dGC%vvQIh$vv~GCWvv96vv(fyvvzvvgvv}vv9dGyvvqvv"vv+vv_GCwvvAvvTvv=vv_Lvv=vvQI|vvAvvMvvZvvZvv?
p,H9:JI+(*?p,GyZ"9f?.

Kvvvv>GC;Ivvvvdvvvv?Cf
q

$vvvvGvvvvQIGyvvvvwvvvvqvvvv9AGJ|vvvv#GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?h<vvvvMvvvv9Yvvvv?|vvvv#GyvvvvOhd
G Svv;|vv+vv?hGyvvgvvQ<vv+?,*vvWvv(6vv9svvZvv(QhG\vvK|vvAvvgvv}vvO|vv#Fvv9!vv>GyvvOhdGCAvvavv(QIpvv,fvvOe
!vvvWvvvQGyvvv=vvv+vvv9!vvv9JGyvvv(G\vvvJvvv?fvvv#IvvvQvvvv?$vvvGvvvQIGyvvvgvvvtvvv(dEy+%vvv9,<vvv9yvvvQivvv~|vvv#hFvvv(O!vvvdvvv~
EIvZv9Fv+v?<v9yvjv?GyvOsv?yvOiGyvOhdGCAvtvO|v?,hGyv%vOa|v#Pyvxpv,QC*v"v9fvOeEcv%v9Q|vOi
La(QI$PgGyd9$QIf^GyOhdGy"9|+?h<M9Y?|"%9GyOhdGygQ<+?hG S;|+?.

hGyvvTvv|GdGCavvQhMG6f:C9PG<vvqvvuivv9yvv=vv+vv?GyvvOhdGyvv"vv9|vv+vv?h<vvMvv9Yvv?GyvvOhdGyvvgvvQ<vv+?
p,:">$PgGyd9$QIChGSAg9OIGywq9AGJGC(F(OIp,GB9QL?

yvvvtvvvOCFvvv9<vvvB|vvvPvvvvQIG}|vvv9!vvv?Gyvvvgvvv9|vvv?yvvv;;vvv9OGyvvv=vvvQC9PGyvvvgvvvQNpvvv,|vvv|EvvvQ$vvv9Gyvvvgvvv9VvvvQ
GC"gtOp,GBQ_(ef9e2002f#GyT|GdGCPv(Q<9yA9[:

1vvvvvGpvAvtv9OGyvOhdGyvgvQ<v+?|v9*v}vwv#Cf*vavzvufvz+&|vWvQhYGyvAv"v}v+v?GCAv(GR!v?GyvWv9|vzv?
GyvPj|v#C$v~fv(G|vzv&Lvzvuh@vgvR*vRGyv=v+v8v?GyvqvwvQ*v?hGyvgvzv}v+v?hGyvDvtv9pv+v?GyvAv,@v(pvQ|vtv(|v9J
Gyg}{hG:SAtQGQGCg+W,hGy"qT,hG !A9LGygz},.

2vvvvv@v"vqv+vP|vgvdv~GCWvQhfv9Jpv,Gyv=vzvOGfGyvgvQ<v+?|v#sv=v{VvQvv9JCFv"v=v+v?:@vTv}vK
yzw(GOQGCJz+?<9vAT9HL=QG79Ch@a=+u|9yO99|#L=QGJpAzGzE]Gy%GQI.

3vvvvvpvvtvvOGfCj!vv(Y|vv#Gyvv(IvvOIChGyvvAvvwvv9|vv{ChGyvvAvv"vvTvv+vvu<vv+#Gyvv=vvzvvOGfGyvvgvvQ<vv+?pvv,
|g9@?|(\(Y$GQIG}O|j?GygQ<+?.
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4vvvvvfvvOeCvvtvv?GyvvwvvDvv+vvQ|vv#GCTvv|hy+#GyvvgvvQH<vv9Bvv=vvQIGCJvvz+?h@vvqvv]vv+vvzvv%vv~GBvv=vvQGJ
G}F"=+?p,@"q+PGCWQhf9JGC%}?p,<zOG8~.

pvvv,$vvvPGGBvvvZvvv(U,:<vvvO|vvv#G Vvvv9QI<vvvzf
q

|vvvgvvvdvvv~Gyvvvwvvvqvvv9AGJGyvvvZvvv+"+vvv?GyvvvWvvvgvvv=vvv+vvv?
GC(Fvvv(OIpvvv,Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?hGyvvvOhdG}hQh<vvv+?G}LvvvQisvvvOfvvv9OJE]
<vvzvvO$vv9fvv̂OpvvgvvAvv_:GyvvOpvvgvv?G}h],pvv,Gyvv"vvZvvrG}hd|vv#GBvv}vvTvv+"+vv9J,hvvv9fyvv%vv~
Gyvqv]v{pv,@vav(*vQGyvZv_GyvAvtv"v+v9JGyv"v(h*v?hiv+vQ$v9;pv,Iv_Fv9AJGyvOpvgv?GyvDv9!v+?,pv,
|vv"vvAvvZvvrGyvvTvv=vvgvv+"+vv9J,h|vvh<vvOAG!vvqvvAvv9MGyvvZvv_fvv̂Gyvvgvv9DGBvv9QFvv,hGyvvgvv}vv{fvv̂@vvavv(*vvQ
FvPQjyv;svAvZv9OhGCGvAv}vh,hpv,|v"vdv(QQCSv}v9[<vJv+vECYv=vJvBGyvZv_G6fGC"v9pvU
G}hdyvvvzvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?pvvv,GyvvvTvvv+vvv9Svvv?hG:svvvAvvvZvvv9Ohpvvv,Gyvvvtvvv(IGyvvvgvvvTvvvwvvvQ*vvv?,
hGyOhy?Gy(I+OIGyA,<9p%9.

C9!+9
k

:CG+?GyA"}+?GyRQGf+?GCTAOG|?yzOhdGy"9|+?hGy(_#GygQN

ERGA$PGGy(GshGC|DyzOhdGy"9|+?hGy(_#GygQN*A=9OQyz}QAS|Gd|q9Og:

$v{@vTvAvav+vhGyvOhdGyv"v9|v+v?<v}v9pv+v%v9GyvOhdGyvgvQ<v+?hsvr$vPGGyvRIvrGyvjvQN!vJv(
|vv(GQO$vv9Gyvvavv=vv+vvgvv+vv?hERGyvv?$vvPGGyvvAvvMvvzvvrGyvvTvv+vv9Svv,hG:svvAvvZvv9OjhG:FvvAvv}vv9fvv,hGyvvDvvtvv9pvv,,
|v#Lv;dGSvAv"v%v9VGyvav=vtv?GCDvtvqv?hGBv=v+vQI(GyvAv,$v9FvQsvTv~vv=v+vQ|v"v%v9vv}v9PvvQSv9<vtv9

k
)

<vAvJvtv+vuh@vav=v+vu|vqv%v(eGyvAv"v}v+v?GCTvAvOG|v?GyvWv9|vzv?,h<v9yvAv9[GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,
Hv9d|v(\v(fv"v9,Cjhsvr!vR*vrGyvAvO$v(QGyv=v+v8v,hGCJv9pvdv?fv̂GC(GQOGyvav=v+vgv+v?h;vtv+vu
G}|vv#GyvvjvvPGFvv,yvv%vv9,h|vvgvv9@vv?GyvvqvvtvvQh!vvtvv[GyvvAvvjvvP*vv?pvv+vv%vv9<vvgvv+vvOG

k
fvv#GyvvTvv+vvavvQIGyvvTvv+vv9Svv+vv?

hG:svAvZv9O*v?hGyvgvTvwvQ*v?hGyvDvtv9pv+v?hGyvqvwvQ*v?yvzvOhdGyvjvQ<v+?,hpv,Fv(qYvQGYGAv]v9QGJ
<+#HA}g9JGyOhdGCAa(QIhHA}g9JGyOhdGy"9|+?GBq,hGCgz#?

1vvvvvpvv,Gyvv(Gsvvh@vvgvvAvv=vvQGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?yvvzvvOhdGyvv"vv9|vv+vv?hGyvv(_vv#GyvvgvvQN
|vvqvvAvv9MGyvvAvv"vv}vv+vv?GyvvWvv9|vvzvv?GCTvvAvvOG|vv?pvv,$vvPgGyvvOhdvvv(fGyvvRQGfvv?pvv+vv%vv9$vv,GC(QOG}Svv9Svv,
yvvjvv9yvv=vv+vvAvv%vv9(<vv9SvvAvvDvv"vv9A<vvgvv̂GyvvOhdGyvvgvvQ<vv+?hG}pvvQ*vvtvv+vv?hG}|vvQ*vvwvv+vv?G@vv"vv(<vv+?GAvv9h*vv?fvv̂
Gyvv"vvqvvbh<vvgvv̂GCgvv9OfG}LvvQi)|vv#Fvv%vv?,hvvv(8vv9$vv,GyvvOhdG}vvvDvvQSvvwvv9!vv9

k
pvv,Gyvvgvv9D

(80pv,GC8v?@vtvQ*v=v9
k

fv9e2000)|v#Fv%v?CLvQi,hKv>fvz+%v9@v(pv+vQGyvjvPGAyv%v~<vgv+vOG
k

fv#|vTv9fvOGJGyvOhdGCAvtvO|v?,h<v9yvAv9[|vgv9@v?|v(\v(YGyvqvtvQpv+v%v9.pv,$vPGGBvZv(U
:CIvvvO*vvv"vvvwvvvQCGvvv+vvv?GCJvvv9pvvvdvvv?fvvv̂GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?(G}QVhGC+vvv9g)|vvv#GyvvvAvvvO$vvv(Q,
hG <vvvtvvv9Afvvvz+%vvv9:SvvvAvvvMvvvOG|vvv%vvv9|vvv#svvv=vvv{G}Fvvv+vvv9dGyvvvtvvv9O|vvv?.h$vvvPG|vvv9fvvv=qvvvQJfvvv"vvv&|vvv"vvvdvvv}vvv?
G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?fvv"vvO|vv9fvvQqpvvB|vvqvv%vv(eGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?fvv9e1988
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pvvvtvvv9yvvvB:$vvv,zEOGQIhYvvv+vvv9!vvv?GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?G}Svvv9Svvv+vvv?<vvvJvvv+vvvE@vvv]vvv}vvv#GC|SvvvTvvv9J
hGyvvAvvtvv"vv+vv9JGCAvvavvzvv=vv9JG !vvTvv9!vv+?GAvv9y+?hGCTvvAvvtvv=vvz+?.Ef

q
|vvDvv{GSvvAvvQG@vv+Gvv+vv?vvv%vvPgKvv>Cf

@vvgvv}vv{fvv̂Yvv+vv9!vv?|vv(GQOG}QVhGC+vv9ghGC(GQOGyvv(QGCvv+vv?Gyvv"vv=vv9@vv+?,vvv}vv9Kvv>Cf@vvwvv(f
|vvtvv=vv(yvv?@vvtvv"vv+vv9

k
hGsvvAvvZvv9O*vv9

k
|vv#GCGvvAvv}vvhy.C|qvv9G|vvwvv9!vv+?G:SvvAvvOG|vv?(Sustainable)vvvAvvgvvQ*vvr,

pvAvgv"v,GSvAvGv9<v?GyvAv"v(YGAv+v(j(Biodiversity)<vGv}v+vhfv"v9YvQgy+tv9<v{|vAvavzv=v9JGyvTvwv9f
vv9SvAvMvOGeGC(GQOyvAvJvtv+vuGyvAv"v}v+v?Gyvwv9|vzv?ChGyvWv9|vzv?(Comprehensive Development),
hE!vvGvv9RGCTvvAvv(*vv9JGyvvgvv9y+?|vv#GCgvv+vvWvv?.pvv,Gyvv(svvB!vvqvvTvv&*vvWvv}vv{GYvvavv;MG:SvvAvvOG|vv?
Yv+v9!v?GC(GQOGAv+v?hE!vAv9Fv+vAv%v9yvwv{|v#G}Fv+v9dGAv9y+?hG}Fv+v9dGCTvAvtv=vz+?,hpvtv9

k
yv%vPg

GyvvdvvQhahGyvv%vv+vvwvvz+?.pvv,\vv(AGyvvAvvgvvQ*vvrGyvvTvv9<vvu*vv}vvwvv#;vvtvv+vvuG}|vv#GyvvjvvPGFvv,GCTvvAvvOGe
(Sustainable Food Security)pvvv,CjEsvvvz+~Chpvvv,CjOhyvvv?fvvv9OI<vvv]vvv}vvv9fCvvv;Cvvv?fvvv(G|vvv{

CSvvv9Svvv+vvv?$vvv,:GSvvvAvvvOG|vvv?GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?(G}QVhGC+vvv9g);GSvvvAvvvOG|vvv?GyvvvAvvv"vvv(YGAvvv+vvv(j
(GC(GQOGyv"v=v9@v+?hGAv+v(G!v+?hGyvwv9Fv"v9JGyvOsv+vtv?);hGyvR*v9OIGyvTvwv9!v+?GC"v9Sv=v?.yvPyvx@v|Oj
_QbGSAj;d$PgGC(GQOGya=+g+?GyOhQGyQF+Up,GSAOG|A%9.

2vvvvvvvPyvx@v=vzv(QJCGv+v?GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?h<v9yvAv9[G}|v#GyvjvPGFv,GCTvAvOGe
p,GC|EQGJGyOhy+?GyA,ftO79G}|~GCAJOIL;dGyqAQI1995vvvvv2000GyA9y+?:

Cvvvvv|vv|EvvQsvv}vv?G}QVhGyvvAvv"vv(YGAvv+vv(jfvv9e1992GyvvPjfvvtvvOpvv,Q*vv(OjFvv9!vv+Qh
pvvvv,Gyvvvv=vvvvQGR*vvvv{hVvvvv9Qcpvvvv+vvvv&185<vvvvzvvvvOG

k
h120QFvvvv+vvvvUOhyvvvv?h30CyvvvvrLvvvv=vvvv+vvvvQ,hC

o
fvvvvO
q

J
QhR!vv9|vv?GyvvtvvQf21GyvvAvv,_vv9yvv=vvB<vv}vvgvv9@vv?GCWvv9vvv{Gyvv=vv+vv8vv+vv?GyvvQFvv+vvTvv?GyvvAvv9y+?:cvv9$vvQI@vvRG*vvO
GyvvOaAGyvvgvv9C,,G\vv}vvJvv;d_vv=vvtvv?G}hRhf,GyvvAvvO$vv(QGyvvTvvQ*vvhyvvzvvjvv9<vv9J,|vvWvv9vvv{GyvvqvvtvvQ
hGyvAv"v}v+v?,vv+vqv+v?>v9*v?GC(GQOGyvav=v+vgv+v?hEOGQ7v9,vv+vqv+v?GCJv9pvdv?fv̂|vZv9OQGC+v9gGyvgvP<v?,
GSvAvgv}v9dGyvAvwv"v(yv(Fv+v9GAv+v(*v?Gyv"vdv+vqv?,R*v9OIGyv(fv,Gyv=v+v8v,h!vWvQ@vgvz+}v&,|vgv9@v?|vWvwvzv?
G:!vvvqvvvGvvv9QGyvvvTvvvwvvv9P,>vvv9*vvv?GyvvvAvvv"vvv(YGAvvv+vvv(j.hsvvvOqQIvvvGvvv~G}|vvv(GdGyvvv;R|vvv?yvvvAvvv"vvvqvvv+vvvP$vvvPG
Gy=Q!9|H<vvv600|z+9QOh:Qh$(|=zkv=+QE:C!&Yj+Q<9y"T=?E]G !A9LGyg9C,.

Hvvvvv|vvv|EvvvQGC"vvv9NhGyvvvAvvv"vvv(YGAvvv+vvv(jGyvvvPjfvvvtvvvOpvvv,<vvvQy+#pvvv,CC9!vvv+9Lvvv;dGyvvvgvvv9e
1995hIvv]vvQgCvvvDvvQ|vv#3000|vvWvv9Qc|vv#180<vvzvvOG

k
,E\vv9pvv?E]GC"vvdvv}vv9JGyvvOhy+?

hG svvz+}vv+vv?hGyvvgvvQ<vv+?GC%vvAvv}vv?<vvWvv|hfGyvv=vv+vv8vv?.hGfvvAvv=vvQ$vvPGGC|EvvQGSvvAvvwvv}vv9:
k
yvvtvv}vv?G}QV,

h$vvOaE]GyvvAvv(Yvv{E]<vvQh@vv(vvv(d@vv"vvqvv+vvPj _vv9QG:@vvqvv9svv+vv?GyvvAvv,G@vvqvvufvvz+%vv9pvv,svv}vv?
G}QV.yvvvtvvvOEvvvMvvv̂GC|EvvvQfvvv#Ivvvzvvv(dhpvvv9svvv+vvv?<vvv+#GyvvvOhdGyvvvZvvv"vvv9fvvv+vvv?hGyvvvOhdGyvvv"vvv9|vvv+vvv?
CSv9Sv%v9Lvqv̂!vTv=v?Gyvjv9RGJGC"v=vgvDv?pv,G@v(<v"vTv=v?20pv,GC8v?yvwv{|v"v%v9,<v9yvQiv~|v#
CfGC(G_vv#pvv,GyvvOhdGyvvZvv"vv9fvv+vv?*vvavvzvvu|vv#3vvvvv5C_vv"vv9f|vv#GyvvwvvQ<vv(fSvv"vv(*vv9

k
,pvv,Ivv_

*azuGC(G_#p,GyOhdGy"9|+?|#1vvvvv1,2_#|"%9S"(*9
k
.
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Lvvvvv|vv|EvvQGyvvTvvwvv9fhGyvvAvv"vv}vv+vv?hGyvvAvv"vv(YGAvv+vv(jGyvvPjfvvtvvOpvv,Gyvvtvv9$vvQI<vvGvv}vv%vv(Q*vv?
|vvZvvQGyvvgvvQ<vv+?Lvv;dGyvvqvvAvvQI5vvvvv13C*vvzvv(d/Svv=vvAvv}vv=vvQfvv9e1994,hGyvvPj!vvdvv}vvAvv&G}|vv~
GCAvvJvvOI,Ivv+vvECfvvOqGC|EvvQhCvv+vvtvv?fvv}vv{Vvvw

q
vvzvvB<vvQ!vv9|vvHfvv}vv{GyvvOhd:vv9gsvv]vv9*vv9GyvvTvvwvv9f

hGyA"}+?.hV}zBGy(C+t?SA?fWQpZ;
k

hEDqzB!A9FG%9<9yA9[:

(1):*vvRGdGCqvv%vv(eGC9yvvAvv(Svv,Ivv(dGyvvgvv;svv?<vv+#GyvvTvvwvv9fhGyvvAvv"vv}vv+vv?$vv(GyvvTvv9FvvOpvv,
GCGA}hGyOh[,hCfGyqG(I<+#GyTw9fhGC(GQO@A(Sh<9SA}QGQ.

(2)|vv9RGyvvBGyvvOhdGyvvjvvQ<vv+?|vvAvv}vvTvvwvv?<vv9yvv"vvRfvv?G}hQh<vv+?GyvvDvvtvv9pvv+vv?GyvvAvvTvvzvvavv+vv?GyvvAvv,
@vgv"v)<vZvJv?Gyvtv+v~GyvjvQ<v+?pvtvbh\vQhQI@vgv}v+v}v%v9fv̂Vvgv(HGyvgv9DhQpv̂|v=vOE@vgvOO
Ct9p9JGyWg(Hh|gAtOG79hf9OG79h@t9y+O$9.

(3)EfG!vvAvvWvv9QG@vv(YhGyvv=vv|Spvv,svvTvv~vvv=vv+vvQ|vv#Gyvvgvv9Dy+U|vvQOgpvvtvvbE]@vvwvv9CvvQ
G}pvv(GgGCTvvAvv%vvzvvwvv?,hE!vv}vv9E]Svv(A@vv(R*vvhGBvv+vvQGJpvv,Gyvvgvv9DhE]GyvvAvv"vv}vv+vv?G:svvAvvZvv9O*vv?vvvvv
G:FvvAvv}vv9fvv+vv?ivv+vvQGyvvgvv9Oyvv?,GyvvAvv,!vvAvvGvvB|vv#GSvvAvvgvv}vv9QGyvvOhdGCAvvavv(QIyvvzvvOhdGyvv"vv9|vv+vv?pvv,
GyvvvvtvvvvQ!vvvv+#GC9\vvvv+vvvv_,h|vvvv9RGyvvvvB@vvvvTvvvv+vvvvavvvvQfvvvv̂|vvvv(GQO$vvvv9<vvvvWvvvvwvvvv{|vvvv=vvvv9VvvvvQhivvvv+vvvvQ|vvvv=vvvv9VvvvvQ
I9y+9

k
(I9y?Gy"qbGygQN|D;

k
).

(4)Kvv>GyvvAvvzvvvOfvv9C+vv9
k

|vv#hFvv(Osvv(GSvv~|vvWvvAvvQvvv?vvv{!vvTvv9!vv+?G !vvTvv9fhIvvtvv(svv&
hIvvQ*vv?GyvvqvvQOpvv,E_vv9QIvvQ*vv?GCGvvAvv}vvhGyvvPj*vvgvv+vvXpvv+vv&,h>vv9*vv?G}SvvQIvvvMvvz+?CSvv9Svv+vv?
pvv,GCGvvAvv}vvh,hGyvvZvvJvv?G@vv"vvTvv+vv?yvvAvv"vvdvv+vv~Gyvvgvv;svv9JG@vv"vvTvv+vv?pvv,E_vv9QGyvvRhGLh@vvwvv(*vv#
G}SQ.

Ovvvvv|vvv|EvvvQGyvvvAvvv"vvv}vvv+vvv?G:svvvAvvvZvvv9O*vvv?vvvvvG:FvvvAvvv}vvv9fvvv+vvv?hGyvvvAvvv"vvv(YGAvvv+vvv(jGyvvvPjfvvvtvvvOpvvv,
GyvOG!v}vQcLv;dGyvqvAvQI11vvvvv12/3/1995,h@v(YvzvB|v"v9svWv9@v&E]fvtvOG@vqv9sv+v?<v+#
OhdGyvWv}v9dGyvjv"v+v?hOhdG@v"v(HGyvqvtv+vQIIv(dh\vhSv+v9Sv?Ohy+?yvzvAv"v}v+v?G:svAvZv9O*v?
G:FvAv}v9fv+v?,@vgv9yvH|vWv9vv{GyvqvtvQhGyv=v|ShGyvAvMvzvrpv,Hv}v(fv?GyvOhdGyvDv9!v+?C|v;

k
pv,

E!vvtvv9Pfvv9C"vv9GAvv9[|vv#Ivv9yvv?GyvvAvvqvv9hJGyvvwvv=vv+vvQFvvOG
k

Gyvvtvv9Fvv}vv?G6fpvv,@vvavv(QgG:svvAvvZvv9Oj
G:FA}9f,.

3vvvvv@vvgvvAvv=vvQGyvvRQGfvv?pvv,|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?<vv}vv9pvv+vv%vv9GyvvOhdGyvvgvvQ<vv+?(<vv9SvvAvvDvv"vv9A
GyvvOhdGyvv"vvqvvavv+vv?),GC}vv(dGyvvQFvv+vvUyvvzvv"vv9@vvHGyvvtvv(|vv,GCJvv\pvv+vv%vv9,h<vv9yvvAvv9[GCGvv9dGyvvQFvv+vvU
yvzvgv}v9yv?pv+v%v9hGC(QOGyvQFv+vUyvzvOLv{hGAv+v9IyvTvwv98v9GyvP*v#*vAvRG*vOhf<v"vTv>!v}v(|vQ@vqvgv?
vv}v9PvvQ!v9B!vqv9

k
.hG!vav;sv9

k
|v#Pyvxpv{f

q
GCJv9pvdv?fv̂Gyvtvav9YGyvRQGfv,pv,GyvOhdGyv"v9|v+v?

hfvv̂GC(GQOG}Svv9Svv+vv?Cwvv(!vv9@vv&hGSvvAvvOG|vvAvv%vv9yvv~Fvv+vv9dGyvvtvv9O|vv?@vvgvvAvv=vvQC|vvQG
k
<vvO9vv+vv9

k
yvv%vvPg

GyvvOhd,h<vvMvv9Yvv?EPG|vv9fvvzvv}vv"vv9Cf
q

GyvvOhdGCAvvavv(QI;vv9QHGyvvOhdGyvv"vv9|vv+vv?h@vv"vv9pvvTvv%vv9fvv̂
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CSvvvgvvv9Q|vvv"vvvAvvvGvvv97vvv9GyvvvRQGfvvv+vvv?,<vvvJvvv+vvvE:@vvvQivvv><vvv{yvvvjvvv9AGCgvvv(!vvv9JGCtvvvO|vvv?CRGQfvvv+vvv%vvv9pvvv,
GCqvv9h\vv9JGBvv9Yvv?<vv}vv"vvdvv}vv?GyvvAvvGvv9QIGyvvgvv9C+vv?GyvvAvv,fvvtvvOJpvv,CvvvDvvQ|vv#Ohyvv?|vv"vvPGyvvgvv9e

1994hIA)f9e(2005).

hBLvvQ|vv9@vv(YvvzvvBEy+&|vvqvv9h\vv9JOhQI$vv(!vvkvvv(!vvkC"vvdvv}vv?GyvvAvvGvv9QIGyvvgvv9C+vv?GyvvAvv,
Vvv9QvvvBpvv+vv%vv9148Ohyvv?,@vvTvv(*vv?|vv=vvOFvv+vv?@vvtvv]vv,<vv}vv(Gpvvtvv?G:;vv9OG}hQhNhGyvv(:*vv9J
GCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?fvvv̂Eyvvvjvvv9AGyvvvOfvvv~hCVvvvwvvv9dGAvvv}vvv9*vvv?G}LvvvQiGyvvvAvvv,*vvvAvvvzvvvtvvv9$vvv9Gyvvvtvvvavvv9Y
GyvvvRQGfvvv,pvvv,vvvv{|vvv"vvv%vvv}vvv9<vvvJvvvzvvv(dfvvv9e2013(Ef

q
GyvvvOfvvv~GyvvvPj@vvvtvvvO|vvv&GyvvvOhdGyvvvjvvv"vvv+vvv?

yvvvZvvv9OQG7vvv9,<vvv}vvv9pvvv,PyvvvxGyvvvPj@vvvAvvv]vvv}vvv"vvv&<vvvQG|vvvHGCTvvv9fvvvOIGyvvvjvvvPGFvvv+vvv?G}|vvvQ*vvvwvvv+vvv?hC*vvv?
|vvTvv9fvvOGJpvv,!vvWvv9WGyvvWvvQvvv9JGyvvAvvGvv9Q*vv?G:IvvAvvwvv9Q*vv?pvv,CSvvAvvQGy+9h!vv+(R*vvzvv"vvOGhvvv"vvOG,
hC*vv]vv9

k
@vvzvvxGBvv9Yvv?<vv9:;vv9OG}hQhNSvvAvvzvvjvv)@vvOQKvv+vv9

k
<vvJvvzvv(dfvv9e2013.C|qvv9Gyvvtvv+vv(O

fvv̂GfvvAvv}vv9OGJGyvvAvvZvvO*vvQh\vv}vv9!vv9JGfvvAvv}vv9OGJGyvvAvvZvvO*vvQCh<vvQG|vvHGyvvAvvz|vv_hGC|SvvTvv9J
GyAG9Q*?GAw(|+?hGCT9fOIGyjPGF+?pT+Aqufz+%9<Jz(df9e2006).

4vvvvv@vvAvv=vvzvv(QCGvv+vv?GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?<vv9yvv"vvTvv=vv?E]Gyvv(_vv#GyvvgvvQN,E\vv9pvv?E]
|v9Sv=vu,<vz!qv&*vAvgvQVyv%vGv}v?GSvAvgv}v9Q*v?!v(fv+v?FvO*vOI@vAv}vDv{<v}vJv9Q<v?GCqv9$v+v~Gyv(_v"v+v?
hGyvvvtvvv(|vvv+vvv?GCAvvv}vvvDvvvzvvv?<vvv9yvvv(IvvvOIGyvvvgvvvQ<vvv+?,h<vvv9Cqvvv9$vvv+vvv~G Svvv;|vvv+vvv?Gyvvv"vvv=vvv+vvvzvvv?,hEsvvv9|vvv?GCqvvv9$vvv+vvv~
Gyvvavv9Fvvqvv+vv?hGyvvgvvWvv9FvvQ*vv?hGyvvwvv9!vvAvv(!vv9JGyvvZvvjvv+vvQI6vvOa;vvtvv+vvuIvvzvv~ESvvQGFvv+vv{Gyvvwvv=vv+vvQGCAvv}vvDvv{
<vv{SvvQGFvv+vv{Gyvvwvv=vvQiCh|vv9*vvgvv=vvQfvv"vv&G6f<vv9Cqvv%vv(eG}|vvQ*vvwvv,:zGyvvWvvQbG}hSvvbGyvvwvv=vv+vvQy.
h|vv9FvvQipvv,pvvzvvTvvavv_GCJvvAvvzvv?|vv"vvPfvv9e1948h|vv9KvvQjG6fpvv,GyvvgvvQGbhpvv,GC"vvavvtvv?
GyvvvvgvvvvQ<vvvv+?<vvvvwvvvv9|vvvvzvvvv%vvvv9,E:Oy+{svvvv9_vvvvhfvvvv̂$vvvvPGG::vvvv9g.*vvvv]vvvv9aE]PyvvvvxG:LvvvvAvvvv;pvvvv9J
GyvTv+v9Sv+v?hG:svAvZv9O*v?hG:FvAv}v9fv+v?hfvOeGyvDvtv?GyvAv,@vRQfv%v9GyvOhdGyvjvQ<v+?pv,Yvqv(a
Gyvvtvv+vv9OGJGyvvgvvQ<vv+?<vv}vvMvvAvvzvvr|vvTvvAvv(*vv97vv9,vvvzvv%vv9|vv|VvvQGJ,hEfvvv9!vvBSvvzvv=vv+vv?G::vv9g,E:
C8v9@vgvAv=vQIv9pvRG

k
sv(*v9

k
yvOiGyvWvgv(HGyvgvQ<v+?hGyvtv+v9OGJGyvgvQ<v+?GCMvzvZv?yvzvAvqvwv+vQ<vz<vTvb

C!v(GYGyvAvgv9hf,GCAv}vDv{<vAvJvtv+vuG}|v#GyvjvPGFv,GyvgvQNGyvtv9Fv~fv̂@vav=v+vu|vqv9$v+v~GyvAv"v}v+v?
GyvvRQGfvv+vv?GCTvvAvvOG|vv?hGCJvv9pvvdvv?fvv̂GC(GQOGyvvgvvQ<vv+?|vv#CQVh|vv+vv9ghLvv+vvQGJCLvvQi,EP
Ef;vvtvv+vvuG}|vv#GyvvjvvPGFvv,GyvvgvvQNSvv+vvtvv(OE]!vvRYvvv9|vv{GCTvv9fvvOGJGyvvjvvPGFvv+vv?GyvvAvv,@vvtvvO|vv%vv9
Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hivv+vvQ$vv9|vv#OhdG:;vv9OG}hQhNE]GyvvgvvO*vvO|vv#GyvvOhd
GyvvgvvQ<vv+?,|vvtvv9<vv{|vvTvv9*vvQI$vvPgGyvvOhdGyvvgvvQ<vv+?yvvzvv}vvTvv+vvQIGyvvjvvQ<vv+?pvv,GC"vvavvtvv?.vvv}vv9Svv+vvtvv(O
;vvtvv+vvuG}|vv#GyvvjvvPGFvv,GyvvgvvQNE]fvvOeQ<vvbivvPGA|vv"vvavvtvv?GBvvz+HGyvvgvvQN<vvgvv}vvz+?GSvvAvv+vvQGO
$vPGGyvjvPGA|v#GyvOhdGyvjvQ<v+?h<v9yvAv9[|v#GyvAvJvwv~<v&vv}v9@vqvgv{G6f<v9yv"vTv=v?E]GyvgvO*vO
|vv#GC"vvAvvGvv9JG}LvvQi,vvv9yvvavv9svv?Gyvv"vv(h*vv?hG}SvvzvvJvv?hsvvavvhGyvvjvv+vv9Qhivv+vvQ$vv9|vv#GyvvAvvtvv"vv+vv9J
Gy;R|?yg}z+9JGyA"}+?hGyAa(Q.
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C9yD9

k
:G:SA"A9F9J

|vv#Lvv;dGCQGFvvhGyvvgvvO*vvOIGyvvAvv,G_vvzvvhfvvz+%vv9GC|yvvrCCvv"vv9AYvv+vv9ivvAvv&Jvvavv(_vvAvv&,h|vv#
!vAv9FvH:v9QHGyvOhdGCAvav(QIh<vgv̂GyvOhdGyv"v9|v+v?pv,;vtv+vtv%v9GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?
*vv}vvwvv#PvvvQGyvvAvv9[:yvvwvv,@vvAvv}vvwvv#GyvvOhdGyvv"vv9|vv+vv?<vvWvvwvv{fvv9ehGyvvOhdGyvvgvvQ<vv+?<vvWvvwvv{Lvv9U
|#;t+uGyA"}+?GyRQGf+?GCTAOG|?p,<zOG89:<O|#;t+uGy"t9WGyA9y+?:

1vvvvv\vvvQhQI@vvv"vvvqvvv+vvvPfvvv(G|vvv{Gyvvv"vvv}vvv(GyvvvRQGfvvv,G}Svvv9Svvv+vvv?GCAvvv}vvvDvvvzvvv?pvvv,:G:<vvvAvvvwvvv9QCh
GyvAvGvO*vO,@v(pv+vQGyv=v"v+v?GyvAvJvAv+v?,\vQhQIhFv(O|v|SvTv9JLv9Yv?hCSv(Gbpvgqv9yv?,@v(pv+vQ
GCOLvvv;JhGAvvv(GpvvvR,@vvvgvvvR*vvvRGyvvvtvvv9fvvvOIGyvvv(GSvvvgvvv?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,G<vvv9PG Yvvv;Ivvv9J
GCAvvgvvzvvtvv?<vv9}QG\vv,Ivv+vvDvv}vv9vvv9!vvB$vv"vv9c\vvQhQI,G:SvvAvvDvv}vv9Qpvv,GyvvAvv"vv}vv+vv?Gyvv=vvWvvQ*vv?,@vv(pvv+vvQ
G QVvv9OhGyvvAvv}vv(*vv{hGyvvAvvgvvz+~GyvvRQGfvv,yvvzvv"vvTvv9AGyvvQ*vvqvv+vv9J,GyvvAvvWvvGvv+vvhGyvv"vvWvvbyvv;svvAvvZvv9O
GyvvQ*vvqvv,ivv+vvQGyvvRQGfvv,;|vv#Fvv%vv?CLvvQiKvv>EIvvOGK;vv(*vvQGJ<vv+8vv+vv?Lvv9Yvv?<vv9yvvAvv"vv}vv+vv?
GyvvRQGfvv+vv?GCTvvAvvOG|vv?@vvAvv}vvDvv{pvv,:Efvvavv9AG}pvv]vvz+?Gyvvwvv=vv+vvQIyvv~svv9y+~GCAvvMvvzvvqvv?pvv,GyvvAvv"vv}vv+vv?
GyvvRQGfvv+vv?,@vv(pvv+vvQGCR*vvO|vv#G:$vvAvv}vv9eyvvzvv=vvJvv(KGyvvRQGfvv+vv?GCAvvgvvzvvtvv?<vvWvvwvv{GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTvvAvvOG|vv?hGyvvAvvtvv"vv+vv9JGCtvvAvvQIvv?yvv%vv9,\vv}vv9fIvvtvv(b|vvzvvwvv+vv?GCRGQfvv_C(GQO$vv~G}Q\vv+vv?
hGC9Fvvv+vvv?,LvvvZvvvMvvvZvvv?|vvvzvvvwvvv+vvv?GC(GQOGyvvvgvvv9|vvv?ChGC"vvv9_vvvuivvv+vvvQG@vvvPG<vvv?,;vvvTvvv_E!vvvGvvv9RGJ
GC|SvvTvv9JGyvvgvv9|vv?GC;Fvv}vv?yvvAvv"vvdvv+vv~GC(GQOGCAvv9Ivv?,@vvZvvJvv+vvK@vvWvv($vv9JGyvvTvvgvvQGBvv9U
<9COL;J,E!W9AC!d}?;P*QCA9<g?CCQ@j+QGJI9:JGC(GQOh@gz~GCRGQf_.

2vvvvvyvvvvtvvvvO@vvvv=vvvvzvvvv(QJ!vvvvAvvvv9FvvvvHOQGSvvvv9JGLvvvvAvvvvZvvvv9Yvvvv+vvvv,GC"vvvv9NhG:svvvvAvvvvZvvvv9OGyvvvvRQGfvvvv,
<MZ(U@zC+Q@j+QGJGC"9NGyg9C+?f^E!A9LGyjPGAp,Gy"t9WGy=T+a?GyA9y+?:

CvvvvvBCvvv9QGyvvvAvvvjvvv+vvvQGJGC"vvv9Lvvv+vvv?Gyvvvwvvvz+?ChGyvvvgvvv9C+vvv?IvvvOhOI!vvvTvvv=vvv+vvv9
k

fvvv̂vvvv{|vvv#G !vvvAvvv9L
GyvRQGfv,Gyvgv9C,hfv̂G}Svgv9QGyvgv9C+v?hfv̂|vTvAv(iGCgv+vWv?,h:@vAvGv9hR0,3pv,GC8v?
|v#G !vAv9LGyvgv9C,|vh@vtvzv[fvOOG}pvQGOGyvtvQ*v=v_|v#G@v(Ypv,<vgv̂GyvTv+"9Q*v($v9J
GCOQhS?.

Hvvvvv$vv"vv9c@vvzCvvQGJSvvzvv=vv+vv?hG\vvJvv?yvvAvvjvv+vvQGJGC"vv9Nfvv̂GyvvOhd|vv"vvMvvqvv]vv?GyvvOLvv{,
hGyvgvwvUYvJv+vK<v9yv"vTv=v?E]GyvOhdGCQ@vqvgv?GyvOLv{,Cj$v"v9cR*v9OIpv,E!vAv9LGAv=v(H
p,GyOhdGCAa(QIhG!Mq9Vp,E!A9F%9p,GyOhdGy"9|+?.

Lvvvvvfvv̂|vvTvvAvv(iGyvvOhd$vv"vv9c@vv=vv9*vv#pvv,BCvv9Q@vvjvv+vvQGJGC"vv9N,EP$vv"vv9cOhdpvv+vv%vv9
BCv9QGsvAvZv9O*v?Yv9pv+v?|v(Fv=v?,hOhdCLvQipv+v%v9BCv9QGsvAvZv9O*v?Yv9pv+v?Sv9yv=v?@vZv{E]|v9
<+#5Oh:QGJvvvvv100Oh:QS"(*9

k
yzqQO.
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OvvvvvGyvvvAvvvjvvv+vvvQGC"vvv9Lvvv,GCgvvvAvvvOdChGyvvv%vvv9O Svvv+vvvwvvv(fEKvvv9<vvv+9
k

Lvvv;d:30vvvvv40GyvvvTvvv"vvv?
Gyt9O|?,h<9yA9[p9yRQGf?Gyg9C+?*}w#Cf:",p(GFOEK9<+?|#$PGGyAj+QGC"9L,.

$vvvvvvvvv@vvgvv9P<vvgvv̂G}svv9y+~Gyvvgvv9C+vv?vvv(GQK_vv=vv+vvgvv+vv?!vvAvv+vvGvv?GyvvAvvjvv+vvQGC"vv9Lvv,vvv9yvvAvv,
IvvOCvvBpvv,Svv(GIvv{Gyvvtvv9Q@vv+#G}|vvQ*vvwvv+vvAvv_GyvvWvv}vv9y+?hG@vv"vv(<vv+?hE!vvOh!vv+Tvv+vv9hGyvv=vv9vvvTvvAvv9f
hi+Q$9f9e2005.

3vvvvvyvvOiOQGSvv?Gyvv(\vvhGC9Fvv,pvv,GCGvvAvv}vvhGyvvOh[hGyvv"vv9|vv,hGyvvgvvQNLvvzvvZvv"vv9E]
Gy"A9FHGyA9y+?:

Cvvvvv<vv9yvvQivv~|vv#@vv(GpvvQGC+vv9gGyvvwvvDvv+vvQIfvv̂GCTvvAvv(iGyvvgvv9C,(1360|vvz+(fvvv~2|vv"vv%vv9
97pvv,GC8vv?pvv,GCJvv+vvavv9Jh3pvv,GC8vv?pvvtvvb|vv+vv9gfvvP<vv?|vv"vv%vv975pvv,GC8vv?<vvWvvwvv{Fvv=vv9d
hC8vvv9QFvvvz+O*vvv?h21,5pvvv,GC8vvv?|vvv+vvv9gJvvvR!vvv?pvvv,<vvv9_vvv#G}QVhGyvvv=vvv9svvv,|vvv(Fvvv(O<vvvWvvvwvvv{
C8v9Qh<vJv+vQGJ),E:Cf

q
IvGv~GC+v9gGyvgvP<v?GCAvGvOOI|v#Gyv%vav(:JGCavQ*v?|v"vMvqv̂,

Iv+vE@vtvOQ<vJv(G]110B:avv~2*vAv=vMvQ|v"v%v970Cyvrvv~2,h*vqvtvOpv,GCZv=qv9J|v9
<vv+#9vvvvv14Cyvvrvvv~2hGyvv=vv9svv,*vvTvvAvv%vvzvvx|vv#GCGvvAvv}vvhGyvv=vvWvvQj.$vvPgGyvvwvv}vv+vv?GCTvvAvv%vvzvvwvv?
(fvv9e2000)@vvgvvAvv=vvQvvv9pvv+vv?yvvTvvwvv9fGCGvvAvv}vvhGyvvOh[pvv+vv}vv9yvv(hRqfvvB<vvgvvOGyvv?fvv̂Csvv9y+}vv&
hOhyvv&,E:Cf

q
Gyvv(Gsvvhivv+vvQPyvvx,pvvqvv,C|vvQ*vvwvv9GyvvWvv}vv9y+?hGyvv;@vv+"vv+vv?hVvv}vv9dCpvvQ*vvtvv+vv9,

@vvQ@vvqvvhJvvZvvZvv9JGyvvqvvQO|vv#GC+vv9gpvv,Ivv_@vv"vvMvvqvv̂$vvPgGCMvvZvvZvv9JvvvDvv+vvQG
k
pvv,svv9QGJ

BSvv+vv9hChQh<vv9hFvv"vv(HCpvvQ*vvtvv+vv9,<vvJvv+vvE*vv(FvvOG6f|vv9<vv+#30vvvvv35Ohyvv?|vvZvv"vvqvv?Ohy+9
k

\}#|q%(eGyOhdPGJGy"OQIGC9F+?h|"%9GygO*O|#GyOhdGygQ<+?.

Hvvvvv\vvQhQI@vvavv=vv+vvuGCqvv9$vv+vv~G}Svv9Svv+vv?:SvvAvvQG@vv+Gvv+vv9JEOGQIfvvQVGC+vv9gGyvvOhy+?
GCAv}vDvzv?<vOQGSv?:@vav(QGSvAvDv}v9QGJGyvQjGyvgv9C+v?,hGsvhGyvQjhGyvTvOhOhGC+v9gG@v(pv+v?,
G:SvvvAvvvMvvvOGeGCAvvv(GYvvv{yvvvzvvv}vvv+vvv9gGyvvvTvvvavvvJvvv+vvv?hG@vvv(pvvv+vvv?,GyvvvAvvv}vvv(*vvv#GAvvv]vvvQj<vvv9C+vvv9g,Gyvvvtvvv(I
Gyvvv%vvv+vvvOQhy+wvvv+vvv?,;vvvz+?GC+vvv9gGC9Avvv?,Efvvv9OIGyvvvOhQIGC9Fvvv+vvv?,GSvvvAvvvMvvvOGeGC+vvv9gGyvvv]vvv9Fvvvgvvv?,
GAZ9OGC9F,.

Lvvvvv\vvQhQI@vvavv=vv+vvuGCqvv9$vv+vv~G}Svv9Svv+vv?:SvvAvvQG@vv+Gvv+vv9JEOGQI_vvzvv>GC+vv9gGyvvOhy+?
GCAvv}vvDvvzvv?<vvOQGSvv?:EOGQI_vvzvv>GyvvQjGyvvTvvavvJvv,hGC+vv9gG@vv(pvv+vv?,LvvZvvMvvZvv?|vv+vv9gGyvvQj,
EY;MGy"d9eGC9F,GA]Qj,IqeGC+9g<9yAt"+9JGC"9S=?,_z=9JGy=+8?yz}+9g.

Ovvvvv*vv"vvavv=vvu|vv9hQOCfvv;g<vv9yvv"vvTvv=vv?E]\vvQhQI@vvavv=vv+vvuGCqvv9$vv+vv~G:SvvAvvQG@vv+Gvv+vv? OGQI
fvvQVGC+vv9gh_vvzvv=vv%vv9Ohy+9

k
fvv̂Gyvv(_vv#GyvvgvvQN<vvwvv9|vvzvv&vvv(ffvvQVGC+vv9g<vv&fvv9e2030

*vvtvv9QH268|vvz+9Qe3hGyvvavvzvv>fvv̂GC+vv9gpvv,Gyvv(svvB!vvqvvTvv&*vvR*vvOfvv#417|vvz+9Qe3Cj
Ef
q

Gyaz>f^GC+9g*R*Of^fQ\&<zvDQ|#Gy"Zr.
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4vvvvv<vvMvvZvv(UGC(GQOG}Q\vv+vv?Gyvvgvv9C+vv?hGyvv"vv9|vv+vv?hGyvvgvvQ<vv+?@vv(YvvzvvBGyvvOQGSvv?E]
Gy"A9FHGyA9y+?:

Cvvvvv@vgvAv=vQG}QVGC(QOG}Sv9Syvzvgv}vz+?G !vAv9Fv+v?GyvRQGfv+v?h<v9yvAv9[yvgv}vz+?@vz|v_
GyvvjvvPGAyvvzvv=vv;*vv_GCAvvRG*vvOI|vv#GyvvTvvwvv9f,E:Cf

q
fvvOe@vv(GpvvQGC+vv9gyvvzvvQjChGyvv%vvavv{GCavvQj

Gyvvwvv9pvv,,COiE]LvvQhL17pvv,GC8vv?@vvtvvQ*vv=vv9
k

|vv#|vvTvv9Ivv?Gy+9<vvTvv?|vv#Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?
GyRQGf+?IA)89*?GytQfGygWQ*#.

Hvvvvv!vvQvvvR!vvJvv#C*vv]vv9
k

fvv̂GyvvAvv(Yvv+vv9JGyvvAvv,svvOq|vv%vv9GC|EvvQGyvvPjfvvtvvOLvv;dGyvvqvvAvvQI
3vvvvv7/4/1996pvvv,GCgvvv%vvvOGyvvvOh[yvvvTvvv+vvv9Svvv9J<vvvJvvv(KGyvvvjvvvPGA(IFPRI)Ivvv(dSvvv+vvv9Svvv?
>9*?h;T_G}QG\,GyRQGf+?GyA9y+?!dQG

k
E]CG+A%9:

(1)R*vvv9OIGyvvvAvvv"vvv}vvv+vvv?GyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv?hG}<vvvJvvv9Kpvvv,Hvvv9d;vvvTvvv_G}QG\vvv,h@vvvQh*vvvH
G:SAD}9Qp,H9y%9.

(2)@gO*{It(bGCzw+?6Oa@WG+hG:SAD}9QGya(*{G}|Op,G}QG\,.

(3)@a(*QC!d}?<a+b|Q!?@W9Qcp,G:SAMOGeGC"9S>y~QG\,.

(4)Of~GC"d}9JGCJz+? OGQIGC(GQOGCJz+?.

(5)@a(*QGy="+?GyAJA+?GyAT(*t+?.

(6)@ZJ+K!d9eI(GpRG}Sg9QGCAO$(QI.

(7)@WG+h!}(GyOL{GyQ*q,h@"(f&.

(8)@WG+hG:SAD}9QGJGyg9|?p,GC"9_uGAO*?.

5vvvvv<vvOQGSvv?GCWvvwvvzvv?GyvvTvvwvv9!vv+?pvv,GCGvvAvv}vvhGyvvOh[h<vvMvv9Yvv?pvv,Gyvvgvv9C_Gyvv"vv9|vv,
hGygQNLzZBGyOQGS?E]Gy"A9FHGyA9y+?:

Cvvvvv*vvgvvAvv=vvQG !vvTvv9f,CjGC(QOGyvv=vvWvvQj,hGyvvR*vv9OIGyvvwvv=vv+vvQIhGCTvvAvv}vvQIpvv+vv&,GCWvvwvvzvv?
G}Svv9Svv+vv?GCgvv+vvtvv?;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,GCGvvAvv}vvhGyvvOh[<vvgvv9|vv?,hpvv,
GCGvvAvv}vvhGyvv"vv9|vv,hGyvvgvvQN<vvMvv9Yvv?.EPSvv+vvQ@vvqvvhSvvwvv9fGyvvgvv9D|vv#SvvAvv?|vvz+9QGJpvvQOfvv9e

2000@vvtvvQ*vv=vv9
k

E]CvvvDvvQ|vv#8,5|vvz+9QpvvQOfvv9e2030.h<vv9yvvAvv9[y+U$vv"vv9cVvvx
q

<vvTvv+vvb
pvv,CfG:!vvqvvGvv9QGyvvTvvwvv9PGCtvv=vv{(Gyvvgvvtvv(OGyvvDvv;Cvv?Gyvvtvv9O|vv?)Svv+vv}vvDvv{CIvvOC$vv~Gyvvgvv}vvz+9J
GyvAv,SvAv|CvQ<v(\v(Mfv̂GAv+v9IGAv9y+?hGCTvAvtv=vz+?yv5!vTv9fh7vOOGyv=v+v8v?Gyvav=v+vgv+v?.EP|v#
Gyv(G\vKIv9y+9

k
CfCfvOGOG

k
vv=v+vQI|v#GyvTvwv9fCLvPJ@v]vjvbfv̂GC(GQOGyv=v+v8v+v?GCJvOhOI,

|vvv9COih*vvv|OjE]!vvv]vvv(6vvv9h<vvv9yvvvAvvv9[E]hFvvv(OYvvvgvvv(<vvv9Jpvvv,;vvvtvvv+vvvuQpvvv9$vvv+vvv?G !vvvTvvv9f
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h<vMv9Yv?pv,GyvOhdGyv"v9|v+v?Gyvqvtv+vQI,GyvAv,hYvzvB<vgv̂vvDv9pv97v9GyvTvwv9!v+?E]|vTvAv(*v9J
fv9y+?vv}v9pv,<v"vjv;OT(800/pvQO/vv~2).h|v#GCAv(svh|v]v9fvqvAv%v9Lv;dGyvtvQfGAv9[
p,s9QGJBS+9hCpQ*t+9hOhdC|Q*w9Gy;@+"+?.

Hvvvvv|vvvv#Fvvvv%vvvv?CLvvvvQi*vvvvAvvvvavvvvzvvvv>;vvvvTvvvv_|vvvvTvvvvAvvvv(i|vvvvgvvvv+vvvvWvvvv?G}pvvvvQGO!vvvv}vvvv(G
k

SvvvvQ*vvvvgvvvv9
k

yv;SvAvDv}v9QGJh<vWvwv{Cvv=vQ|v#!v}v(GyvTvwv9f!vqvTv&,Gyv(\vhGyvPj:*v}vwv#GyvgvO*vO|v#
GyvvOhdGyvv"vv9|vv+vv?hGyvvgvvQ<vv+?;vvtvv+vvtvv&.h$vv"vv9@vvwvv}vv#GCWvvwvvzvv?G}Svv9Svv+vv?pvv,fvvOe;vvtvv+vvuGyvvAvv"vv}vv+vv?
GyRQGf+?GCTAOG|?yTw9f$PgGyOhd.

LvvvvvyvvvtvvvOIvvvz
q
vvvBGyvvvOhdGCAvvvavvv(QIGCWvvvwvvvzvvv?GyvvvTvvvwvvv9!vvv+?yvvvO9vvv9|vvv"vvvPSvvv=vvvgvvv+"+vvv9JGyvvvtvvvQf

GC9\v,,hPyvx<vAvJvO*vOGyv"vTv{<vavQbJvAvzvqv?,h<v9yvAv9[D;vtvuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?
yvv=vvzvvOG8vv9hyvvjvv+vvQ$vv9|vv#GyvvOhdGAvvz+qvv?pvvJvvTvv>,hE!vv}vv9IvvtvvtvvBC*vv]vv9

k
=vv+vvhC!vv(GYGyvvTvv+vvavvQI

GyT+9S+?hG:sAZ9O*?hGygTwQ*?hGyDt9p+?f^GCGA}hGyOh[.

OvvvvvvvvPyvvxIvvPJ<vvgvv̂GyvvOhdGCZvv"vvqvv?<vv9yvv"vv9|vv+vv?vvv9yvvZvv_h<vvgvv̂GyvvOhdG6Svv+vv(*vv?
G}LvvQiIvvPhGyvvOhdGCAvvavv(QI<vvJvv{|vvWvvwvvzvv?GyvvAvvqvv9svv~GyvvTvvwvv9PyvvO9vv9fvv#_vvQ*vvu;vvO*vvO
Gyvv"vvTvv{,h<vv9yvvAvv9[CYvv=vvJvvBG6fGyvvtvv(IG:svvAvvZvv9O*vv?hGyvvgvvTvvwvvQ*vv?hGyvvAvvtvv"vv+vv?G}h]GC"vv9pvvTvv?
yz(:*9JGCAJOIG}|Q*w+?.

6vvvvvyvvtvvO@vv=vv_|vv#OQGSvv?GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?pvv,Gyvvgvv}vvz+9JG !vvAvv9Fvv+vv?
GyRQGf+?f^GCTA(iGyg9C,L;dGygt(OG}Q<g?GC9\+?Gy"A9FHGyA9y+?:

Cvvvvv*vvvtvvv(OfvvvOeGSvvvAvvvMvvvOGeGC=vvv+vvvOGJGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?pvvv,|vvvwvvv9pvvvJvvv?G6pvvv9JhG}|vvvQGV
<vv}vvMvvAvvzvvrC!vv(Gfvv%vv9hGyvvAvv,@vvZvv+vv>GC"vvAvvGvv9JGyvvRQGfvv+vv?E]pvvtvvOGf|vv9<vv+#15vvvvv50pvv,GC8vv?
|vv#$vvPgGC"vvAvvGvv9J,h@vvQ@vvqvvh$vvPgGyvv"vvTvv>pvv,Gyvv=vvzvvOGfGyvv"vv9|vv+vv?hGyvvgvvQ<vv+?CvvvDvvQ|vv#Pyvvxpvv,
vvDv+vQ|v#GAv9:J,|v9*v"vgvwvUSvzv=v9

k
fv̂fvQVGyvjvPGApv,GyvOhdGyv"v9|v+v?GyvPjSv+vQ@vqvh

I(G]70p,GC8?<Jz(df9e2020.

HvvvvvyvvtvvOGfvvAvv=vvQJGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?fvv9|vv;
k
pvv9fvv;

k
h|vv%vv}vv9

k
pvv,GyvvDvv(QIGyvvRQGfvv+vv?

GBvvv]vvvQGAGyvvvAvvv,!vvvqvvvPJpvvv,GyvvvOhdGCAvvvavvv(QIhpvvv,GyvvvgvvvO*vvvO|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?(E\vvv9pvvv?E]
GSvAvMvOGeG}Sv}vOIGyvwv+v}v+v9Fv+v?hGyv=vPGQGCJvTv#hiv+vQg|v#GyvAvtv"v+v9JG}LvQi)pv,Gyvgvtv(O
GyD;C?GC9\+?.

Lvvvvv@vvQvvv+vvRG:SvvAvvQG@vv+Gvv+vv9JGCTvvAvvtvv=vvz+?yvvzvvOhdGyvv"vv9|vv+vv?fvv̂R*vv9OIG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?
C(GFvvv%vvv?R*vvv9OIGyvvvavvvzvvv>fvvv̂GyvvvjvvvPGAhfvvv̂GSvvvAvvvMvvvOGeGC(GQOGCAvvv9Ivvv?(<vvv}vvv9pvvv+vvv%vvv9GC=vvv+vvvOGJ
Gyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?)<vvvqvvvgvvv9y+?Cvvvv=vvvQ|vvv#GC9\vvv,,E:Cf

q
$vvvPgGyvvvR*vvv9OISvvvAvvvAvvvJvvvavvv~<vvvqvvvgvvv{G6pvvv9J.
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h<vv9:fvvAvv}vv9Ofvv̂|vvTvvAvv(*vv9JGyvvqvvtvvOhGyvvAvvwvv9y+rGyvvOGLvvzvv?pvv,Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?,
*vv=vvOhCf

q
EOGQIG6pvv9JSvvAvvZvv=vvKGSvvAvvQG@vv+Gvv+vv?h|vvwvv(!vv9

k
|vv%vv}vv9

k
|vv#G:SvvAvvMvvOG|vv9JGyvvqvvgqvv9yvv?

yvvzvv}vv(GQO,h<vv9yvvAvv9[|vvwvv(!vv9
k

|vv%vv}vv9
k
yvvR*vv9OIfvvQhVGyvvjvvPGAGC}vvwvv"vv?h;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?

GCTAOG|?p,$PgGyOhdGy"9|+?.

Ovvvvv*vvQvvvRfvvzvv}vv9AGyvv=vv+vv8vv?,h<vvMvv9Yvv?GyvvRQGfvv+vv(f|vv"vv%vv~,fvv̂GAvvtvv+vvtvv?GC%vv}vv?Gyvvtvv9Fvvzvv?
<vv]vvQhQILvvqvv̂GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?vvvzvv}vv9C|vvwvv#Pyvvx,hG:SvvAvvgvv9\vv?fvv"vv%vv9
<vzSv9y+>GCwv9pvJv?GCAvwv9|vzv?yv7pv9J,h<v9yvRQGfv9JGyvgv]v(*v?GyvAv,CLvPJ@v"vAvWvQ<vTvQfv?
p,GyOhdGy"9|+?hGy(_#GygQN.

7vvvvv<vvOQGSvv?G:SvvAvvMvvOG|vv9JGyvvwvv+vv}vv+vv9Fvv+vv?yvv~Svv}vvOIpvv,Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?
CgQp?BC9Q$9G K9<+?hGyTz=+?@=_y"9GyA9[:

Cvvvvvpv,|v"vAvZvrGyvTvAv+"+v9Jhfv"vO|v9<vQRJGCGv9fv?Gyvgv9C+v?,D*vTvzdCIvOfv#OhQ
G}Svv}vvOIpvv,@vvgvvR*vvRE!vvAvv9LGyvvjvvPGAh\vv}vv9fGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,G}svvavv9QPGJ
GyvvgvvGvvRGyvvjvvPGFvv,.fvv̂GyvvgvvwvvUGfvvAvv=vvQGyvvTvv}vv9OG@vvRAGCAvv}vv~yvvzvvDvv9yvv(KGyvvAvvwvv"vv(yvv(Fvv,(Gyvv=vvPGQ
hGC9AhGyvvTvv}vv9O)GCTvv|hdfvv#GyvvDvv(QIGBvv]vvQGAGyvvAvv,Svv9fvvOJSvvwvv9fGyvvgvvO*vvO|vv#G}svvavv9Q
GCwvAvdv?<v9yvTvwv9fvv9yv%v"vOhGyvZv_fv̂;vtv+vuG:vvAvqv9AGyvPGOGyvjvPGFv,pv,pvAvQIsvZv+vQI:
@R*Of#20vvvvv25S"?.

Hvvvvvpvvv,<vvvOG*vvv?GyvvvAvvvTvvvgvvv+"+vvv9JCYvvv=vvvKGyvvvTvvv}vvv9O$vvvOpvvv9
k

:!vvvAvvvtvvv9OGJQFvvv+vvvTvvv?!vvvdvvvQG
k

E]
GSvvAvvMvvOG|vv&GCwvvDvvrpvv,GyvvOhdGCAvvavv(QIGyvvAvv,GQ@vv9<vvB|vv#!vvAvv9FvvHGSvvAvvMvvOG|vv&C9LvvOCvv&|vv#
@vvzCvv+vvQGJSvvzvv=vv+vv?fvv̂Gyvv=vv+vv8vv?,|vv#Lvv;dGQ@vvWvv9MGyvv"vvAvvQGJhG!vvavv;bGyvvjvv9RGJ|vv#Gyvv=vv+vv(J
Gyvv=vv;SvvAvv+vvwvv+vv?hG|vvAvvZvv9UGyvv"vv=vv9JhGyvvAvvQ<vv?yvvzvv}vvgvv9OfGyvvDvvtvv+vvzvv?.h<vvWvvwvv{JvvAvvZvvQGfvvAvv=vvQGyvvTvv}vv9O
GCwDrLaz

k
v=+QG

k
hfOhG

k
yz=+8?.

Lvvvvvh|vvhPyvvx:CIvvO*vv"vvwvvQCGvv+vv?G}Svv}vvOIvvv}vvZvvOQCSvv9Svv,h:Re
m
yvv"vv}vv(Gyvv"vv=vv9J

hG !vvAvv9LGyvvjvvPGFvv,.EP|vv#GCgvvQha,hpvv,vvv;G}!vvdvv}vv?GyvvAvvtvvz+O*vv?hGAvvO*vvDvv?,Cffvv}vvz+?
IvZv9OGCJv9Yv+v{@vR*v{Gyvgv"v9YvQGyvjvPGFv+v?|v#GyvAvQ<v?,h|v9D@ov]nvr

r
$vPgGyvgv"v9YvQGyvjvPGFv+v?

Cvv9!vv+?E]GyvvAvvQ<vv?<vvwvv}vv+vv9J|vv;Fvv}vv?pvv;<vvOyvv%vvPGGC(QOGyvvavv=vv+vvgvv,(G}QV)|vv#GyvvAvvO$vv(Qfvv=vvQ
!vvtvv[GyvvAvvjvvP*vv?hG!vvGvvQGaGyvvAvvQ<vv?,h<vv9yvvAvv9[*vvROGOGyvvqvvtvvOGyvvjvv9<vv(j!vvdvvQG

k
E]\vv5yvv?GyvvAvvgvv(*vv̂

GyvvjvvPGFvv,fvv̂GyvvAvvQ<vv?GyvvPj;vvOCvv&Gyvvgvv}vvz+9JGyvvavv=vv+vvgvv+vv?Cvv9!vv+?,yvvPyvvx:<vvO|vv#GSvvAvvwvv}vv9d
Gy"t[GyjPGF,|#GCZ9OQGB9QF+?.

Ovvvvvpv,\v(A$vPGGyvAv"v9sv̂<v+#G@v9!v>G Kv9NhGyvTvzv=v,:SvAvMvOG|v9JG}Sv}vOI,
vvvv9f:<vvvOyvvv"vvv9|vvv#Gyvvv"vvvZvvvK<vvvAvvv"vvvdvvv+vvv~fvvv}vvvz+9JGSvvvAvvvMvvvOGeG}Svvv}vvvOIGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?h@vvvtvvvz+{
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GSvvAvvMvvOG|vv%vv9svvOQG |vvwvv9fhG:SvvAvvgvv9\vv?fvv"vv%vv9<vv9}Svv}vvOIGyvvgvv]vv(*vv?,h<vv9yvvAvv9[G:!vvAvvtvv9dE]
GyRQGf9JGyg](*?GyA,@zj,$PgG:SAMOG|9Jvz+9

k
.

8vvvvv<vAvJvz+{GyvqvZv{GyvDv9|v#GCAvgvzvu<v=vPGQG !vAv9LGyv"v=v9OhSv;:JG !vAv9LGAv+v(GP
hGSvAvMvOGe@vtv"v+v9JGCgvzv(|v9JhG:SvAvWvgv9Qfv#<vgvOhiv+vQ$v9|v#@vtv"v+v9JhSv9Fv{G:@vZv9d
G}LQi@(Yz"9E]Gy"A9FHGyA9y+?:

CvvvvvyvvtvvOCYvv=vvKGyvv"vvZvvrGyvvDvv9P|vv#GyvvtvvQfGyvvgvvWvvQ*vv#GyvvR|vv#GC"vv9Svv>:!vvAvvtvv9dGyvvRQGfvv?
h;v(yv%v9|v#GCWv9Q*vhGyvRQGfv+v?Gyvwv;Sv+vwv+v?vvvvvGC(QO*v?E]GyvZv"v9fv+v?Gyvgvzv}v+v?.h*vgv"v,$vPG
GyvAvJv(dE]GyvRQGfv+v?Gyvgvzv}v+v?;vtv+vuG !vAv9LGyvgv9[hGyvDv9<vBh_vQbGAv+v9IG@vO*vOIyv=v;*v_
G}pvvQGO.yvvtvvOCvvvOJGyvvAvv"vv}vv+vv?,h<vv(GSvvavv?GyvvRQGfvv?Gyvvgvvzvv}vv+vv?,|vvTvv|hy+Avv%vv9fvv#G@vvRAG}vvv=vvQ
yvvzvvJvvtvv+vvtvv?Gyvvtvv9Fvvzvv?:<vvzfG !vvAvv9LGyvvRQGfvv,svvOIvvtvvu|vv"vvGvvRGJvvvDvv+vvQILvv;d30vvvvv40Svv"vv?
GC9\+?,<{CvDQF9@(sg&GygO*O|#Gy=9ID_.

HvvvvvGyvvTvv|GdGCavvQhMG6fpvv,$vvPGGBvvZvv(U*vvAvv}vvDvv{<vvvvv:$vv{@vvTvvAvvavv+vvhGyvvAvv"vv}vv+vv?
Gyvgvzv}v+v?,h<v9yvAvgv9hf|vhGyvAvtv"v+v9JGyvgvzv}v+v?GAvO*vDv?hG@v(G!v>Gyv]vQhQ*v?G}LvQi,;vtv+vu
GSvvvAvvv}vvvQGQGyvvv"vvv}vvv(pvvv,G !vvvAvvv9Fvvv+vvv?GyvvvRQGfvvv+vvv?COfvvvQVGyvvvjvvvPGAGyvvvgvvv9C,hG svvvz+}vvv,h;vvvtvvv+vvvu
GyA"}+?GyRQGf+?GCTAOG|??

LvvvvvyvtvO<v+q"vBGyvDv(QIGyvRQGfv+v?GBv]vQGAG}h]GCgvAv}vOIfv̂Gyvgvzv~(GSvAvMvOGeGC+v9g
hGyvvvvTvvvv}vvvv9OhGyvvvv=vvvvPGQhGC=vvvv+vvvvOGJhivvvv+vvvvQ$vvvv9)GyvvvvAvvvv,IvvvvOCvvvvBpvvvv,ChQh<vvvv9hC|vvvvQ*vvvvwvvvv9GyvvvvWvvvv}vvvv9y+?
hChsvv+vv9!vv(Svv+vv9C8qvv9svv9OJE];vvTvv_CYvv"vv9aGCJvv9Yvv+vv{hGSvvAvv+vvgvv9Hvvv9|vv{C(GQOG}QV
hGC+vv9ghEOGQ7vv}vv9,hE]R*vv9OIGSvvAvvgvv}vv9dGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?(<vvMvv9Yvv?G}Svv}vvOIGCgvvO!vv+?),
hE]R*vvv9OIGyvvvQjh;vvvTvvv_hsvvv9*vvv?Gyvvv"vvv=vvv9J,hvvvvPyvvvx;vvvTvvv_EOGQIGCJvvvZvvv(d.vvvv}vvv9Svvv9fvvvO
!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv,Gyvvgvv9C,pvv,ChGLvvQGyvvTvvAvv+"+vv9JhLvv;dGyvvTvv=vvgvv+"+vv9Jpvv,Efvvavv9A
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GyvvvjvvvPGFvvv,yvvv~SvvvQIGyvvvQ*vvvqvvv+vvv?.E:CfGyvvvgvvv(GFvvvOGyvvvwvvv=vvv+vvvQIGyvvvAvvv,*vvv}vvvwvvv#GAvvvZvvv(dfvvvz+%vvv9@vvvAvvv}vvvDvvv{
<vv}vvgvv9@vv?GCJvvOOGJGyvv"vv(fvv+vv?GyvvAvv,@vv(GFvv&Gyvv"vvTvv9AGyvvQ*vvqvv+vv9J,h<vv9yvvAvv9[EQVvv9O$vv#E]vvv+vvqvv+vv?
GyvvvAvvvMvvvzvvv[|vvv"vvv%vvv9<vvvJvvv+vvvE*vvv}vvvwvvv#|vvvgvvv&|vvv(GFvvv%vvv?|vvvAvvvavvvzvvv=vvv9JGyvvvjvvvPGA,Svvv(GACvvvv9fPyvvvxfvvv̂
|TA(iGyOhy?Gy(GIOIChf^|TA(iG sz+~Chf^GCTA(iGyOh[.

13vvvvvyvvOi;vvz+{Gyvvtvvavv9YGyvvRQGfvv,GyvvgvvQNGCgvvQhVpvv,GyvvqvvZvv{GyvvDvv9yvvEfvvWvvQ|vv#
GCMa(_?IZz"9f^G:SA"A9F9JGyA9y+?:

CvvvvvLvvAvv{Gyvvtvvavv9YGyvvRQGfvv,OhQG
k
<vv9QRG

k
|vv"vvPGyvvtvvOepvv,GsvvAvvZvv9OGJGyvv(_vv#GyvvgvvQN,EP

Svv9GvvBGyvvRQGfvv?pvv+vv&<vv"vvTvv=vv?25vvvvv30pvv,GC8vv?|vv#Gyvv"vv9@vvHGCJvv\G =vv9[pvv,GyvvTvvAvv+"+vv9J
hGyvvTvv=vvgvv+"+vv9J.E:Cf$vvPgGCTvv9Gvv?@vvQGFvvgvvBpvv,GyvvDvv}vv9!vv+"vv+vv9JhGyvvAvvTvvgvv+"+vv9J}svv{|vv#

17,6pvv,GC8vv?,vvv}vv9@vvQGFvvhIvvGvv~Gyvvgvv}vv9yvv?GyvvRQGfvv+vv?|vv#E=vv9[svv(IGyvvgvv}vv{GyvvgvvQ<vv+?|vv#
60pvvv,GC8vvv?E]40pvvv,GC8vvv?pvvv,GyvvvqvvvAvvvQ@vvv+#GCPvvvv(Q@vvv+#,|vvv9G!vvvgvvvwvvvUSvvvzvvv=vvv9

k
pvvv,|vvvTvvv9Gvvv?

GyvvvRQGfvvv?pvvv,@vvvwvvv(*vvv#$vvvPGGyvvv"vvv9@vvvHG =vvv9[GCJvvv\<vvv9CgvvvO:JGC"vvvWvvv(OI,E\vvv9pvvv?E]R*vvv9OI
|vvgvvO:JGyvv=vvavv9yvv?!vvAvv+vvGvv?@vvRG*vvOGyvvTvvwvv9fGyvvwvv=vv+vvQ(109|vv;*vv_pvvQOfvv9e1965h298
|z+(fpQOf9e2003).

Hvvvvv*vvgvvAvv=vvQ@vv(GpvvQGyvvjvvPGAyvvzvvwvv~Gyvvwvv=vv+vvQ|vv#GyvvTvvwvv9fpvv,Gyvv(_vv#GyvvgvvQNpvv,GyvvQ<vvh
G}hd|vvv#GyvvvtvvvQfGyvvv(GIvvvOhGyvvvgvvvWvvvQ*vvv#|vvv#C$vvv~GCWvvv9vvvv{GyvvvQFvvv+vvvTvvv?GyvvvAvvv,@vvv(GFvvv&GCMvvvavvvb
GyvvvgvvvQN.yvvvtvvvOhYvvv{IvvvGvvv~@vvvQGvvvv~GyvvvqvvvGvvv(IGyvvvjvvvPGFvvv+vvv?<vvv+#ChGFvvv{GyvvvDvvv}vvv9!vvv+"vvv+vvv9JhChGFvvv{
GyvAvTvgv+"+v9JE]|v9*vtv9QHGyvvv150|vz+9QOh:Q.h@v]v9fvqvB$vPgGyvtv+v}v?pv,<vOG*v?GyvtvQf
Gyv(GIvOhGyvgvWvQ*v#<vJv+vEVvw

q
vzvBCvvDvQ|v#!vZvrGyv"v9@vHGCJv\G =v9[yvzv(_v#GyvgvQN.

vvvv}vvv9Ef|vvvgvvvOdG:vvvvAvvvqvvv9AGyvvvPGOGyvvvjvvvPGFvvv,D*nvvvRpO
r

fvvv#50pvvv,GC8vvv?,G}|vvvQGyvvvPj*vvvgvvvwvvvU
GfvvAvv}vv9OGyvv(_vv#GyvvgvvQNGCAvvRG*vvOfvv̂GSvvAvv+vvQGOGC"vvAvvGvv9JGyvvjvvPGFvv+vv?|vv#GBvv9QLh|vv9*vvAvv=vvhPyvvx
|#@=g9JiPGF+?hGsAZ9O*?hS+9S+?.
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Lvvvvv*vvv]vvv9aE]PyvvvxGCWvvvwvvv;JGyvvv=vvv+vvv8vvv+vvv?GyvvvAvvv,@vvv(GFvvv%vvv%vvv9svvvavvv9fvvv9JRQGfvvv+vvv?fvvvQ<vvv+?
vvvDvv+vvQI,vvvAvvZvvJvvQFvvRAvvv=vv+vvQ|vv#G}QG\vv,GyvvRQGfvv+vv?,hLvvQhFvv%vv9|vv#Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?
(ivvvQb,Evvvz

q
vvvK,G!vvvGvvvQGa),hRhGdGyvvvjvvvavvv9AGyvvv"vvv=vvv9Opvvv,Gyvvv=vvv9O*vvv?hGCQGfvvv,hGyvvvjvvv9<vvv9J,

hvvPyvxpvtvOGfGyvAv"v(YGAv+v(jGyv"v=v9OhGAv+v(GP,E\v9pv?E]Gyv]vjvbGC9Fv,GyvPj@vAvgvQV
y&GygO*O|#GyOhdGygQ<+?.

Ovvvvv|#G}S=9HGyQF+T?y%PGGy(\hGC|Dyzta9YGyRQGf,GygQNGy"t9WGyA9y+?:

vvvvvGfA}9O|gd~GyRQGf9JGygQ<+?f^Gy%a{GCaQj.

vvvvvfOesOQIGCRGQf_f^|(Gv=?GyAtOeGyAw"(y(F,GyRQGf,GCQ@qhGywzq?.

vvvvvR*9OIGyTw9f<"T>@q(bvD+QG
k
!T>R*9OIG !A9LGyRQGf,.

vvvvv@v"v9sv[|vTv9Iv9JG}QG\v,GCMvZvZv?yvzvRQGfv?<vTv=v>fv(G|v{GyvAvZvJvQhGyvAv(Svh
Gyg}QGPhGyAG9Qj.

vvvv\grGy="+?GyAJA+?p,GyQ*rh\grGBO|9JGy=JD+?hGyAT(*t+?hG QV9O*?.

vvvvvGytZ(Qp,|(GF%?G:IA+9F9JGyA}(*z+?hG:SAD}9Q*?yzta9YGyQ*q,.

vvvvvYvvgvv(<vv?@vv(pvv+vvQGyvvAvv}vv(*vv{Gyvv;ReyvvZvvjvv9QGCRGQfvv_hGAvvQpvv+vv_Gyvvgvv9|vvz+#pvv,Gyvvtvvavv9Y
GyRQGf,f^|TA(iGy(_#GygQN.

vvvvvfOe@"(Y|Z9OQG:FA}9fGC(F%?|#s={G@%9RGCZQp,.

vvvvv@RG*OC!(GYGy]}9!9JyzJZ(df^GCZ9OQGyA}(*z+?.

vvvvvGLA;aG}!d}?GyT+9S+?hG:sAZ9O*?GygQ<+?.

vvvvvGLA;aIG~GC"9phGCA(sg?|#GyAw9|{GygQNhs+}A%9.

vvvvvGydQhaGyOhy+?hG sz+}+?Gy"9:?|#!d9eGyg(C?.

vvvvv@q]+{<g^GyOhdGygQ<+?GyAg9|{|hGyOhdG}F"=+?.

vvvvvfvvOe@vv(GpvvQG:SvvAvvDvv}vv9QGJGyvv;R|vv?yvvzvv"vv%vv(V6vvPGGyvvtvvavv9Y|vv#Lvv;dCvv(QIRQGfvv+vv?
fvzv}v+v?Ivtv+vtv+v?,h@vgv9hffvQNpvgv\pv,$vPGGCGv9d,vv}v9$v(GAv9dpv,GyvOhdG}hQh<v+?
hI(QBS+9hi+Q$9.

$vvvvvvvvvC|qvv9GSvvAvvQG@vv+Gvv+vv9JGyvvAvvwvv9|vv{GyvvRQGfvv,GyvvgvvQNGBvv9Yvv?<vvAvvavv(*vvQsvvavv9fvv&GyvvRQGfvv,,
pvAvAvwv(f|v#fv(G|v{Gyv"vGv9MGyvAv9y+?:@v"v(Yh@v=v9*v#hvv=vQIvGv~GyvDvQhGJGyvRQGfv+v?GyvgvQ<v+?,
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VvQfv+v?GyvAvwv9|v{GyvRQGfv,GyvgvQN,GyvAv=v9*v#pv,IvGv~Gyvav9sv9JGyv=vWvQ*v?GyvgvQ<v+?,GLvAv;a
G |vvwvv9!vv9JGCAvv(GpvvQI|vv#svvavvQE]BLvvQ,IvvGvv~GyvvTvv(bGyvvgvvQ<vv+?Gyvvwvv=vv+vvQ,hGyvv(pvv(QGyvv"vv9:vv?
|#GyAMZ[p,GCW9Q*hGyRQGf+?PGJG !A9LGyw=+QGAG~.

14vvvvv<vvvAvvvJvvvz+{GyvvvqvvvZvvv{GyvvvQG<vvvhfvvvWvvvQGBvvv9U<vvv9yvvv(\vvvhGyvvvjvvvPGFvvv,Gyvvvgvvv9C,hGyvvvgvvvQN
@(Y{GC|yrE]G:SA"A9F9JGyA9y+?:

CvvvvvGyvvAvv(GpvvuGyvv(GSvvh|vv#Fvv9!vv>Gyvv=vv9IvvDvv_G:svvAvvZvv9O*vv_hG:FvvAvv}vv9fvv+vv_fvv̂Fvv9!vv>
Gyvvavvzvv>Gyvvwvv=vv+vvQyvvzvvjvvPGAGCTvvAvvtvv=vv\yvvzvvgvv9D,hGyvvAvv(GpvvuGCJvvOhO<vv+"vv%vv~fvv̂|vvOisvvOQIfvvQV
GyvvjvvPGACtvv9<vvzvv?Gyvvavvzvv>yvvzvvqvvAvvQI!vvqvvTvv%vv9.h@vvQGhMIvvOhOGyvvQD*vv9<vv+#!vvdvvQ*vv?|vvAvvqvv9Fvvzvv?@vvtvv(dE!vv&
:@vvvv(FvvvvO|vvvvWvvvvwvvvvzvvvv?(There is no Problem)hGyvvvv"vvvvdvvvvQ*vvvv?GC9yvvvvAvvvv(Svvvv+vvvv?Gyvvvvtvvvv9Fvvvvzvvvv?:z|vvvv9D@vvvvAvvvv~
GyvTv+vavQIGyvqv(Q*v?fv̂GyvTvwv9fhpvgqv9y+97v~,pv;<vO|v#IvOhKGyvwv9<v(SGyv(Vv+vxGyv(sv(Y

(The Imminent Arrival Of The Malthusian Nightmare Unless Effective Population

Control Is Implemented Immediately).

Hvvvvv|vvv9RGyvvvBQD*vvv?Svvv(AGyvvvAvvvjvvvP*vvv?C8vvv9JGC;*vvv_|vvv#GyvvvTvvvwvvv9f:vvvzvvvUIvvv9y+9
k
pvvv(b

YvvOhQGyvv=vv9IvvDvv_G:svvAvvZvv9O*vv_hG:FvvAvv}vv9fvv+vv_Gyvvgvv9C+vv_hGyvvgvvQH,EPKvv>E_vvgvv9esvvQG<vv?
<z+(PpQOL;dGygtO*#Gyt9O|_f^G}s{.

LvvvvvEFvQGAOQGSv9JfvO*vOIIv(d_vzv>hfvQVGyvjvPGAGyvgv9C,GCTvAvtv=v\|v#vvDv+vQ
|vvv#GC"vvvdvvv}vvv9JhGCQGvvvvRGyvvvOhy+?,hpvvv,|vvvtvvvO|vvvAvvv%vvv9OQGSvvv9J|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?
GyvvOhy+?,hOQGSvv9JGyvv=vv"vvxGyvvOh[,hOQGSvv9J|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGAGyvvgvv9C,,
E\vv9pvv?E]GyvvOQGSvv9JG svvz+}vv+vv?hGyvv(_vv"vv+vv?yvvzvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?;fvv̂Svv=vv+vv{GCDvv9d
Vvvv}vvvzvvvBOQGSvvv?|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?zGyvvvRQGfvvv?IvvvAvvv)fvvv9e2010y,GyvvvAvvv,
CFvvvQJfvvv9e1993;vvv9y+{h@vvv(svvvgvvv9J_vvvzvvv>hfvvvQVSvvvzvvvhvvvvDvvv+vvvQI(52Svvvzvvvgvvv?!vvv=vvv9@vvv+?
hIvvv+vvv(G!vvv+?yvvvAvvvJvvvz+{_vvvzvvv>GyvvvjvvvPGA,h32Svvvzvvvgvvv?yvvvAvvvJvvvz+{GyvvvgvvvQVhGyvvvavvvzvvv>h40Svvvzvvvgvvv?
yvvAvvJvvz+{G !vvAvv9L),vvv}vv9ivva

q
vvBGyvvOQGSvv?127Ohyvv?|vv"vv%vv934Ohyvv?|vvAvvavv(QIh93Ohyvv?

!9|+?p9bSw989=+g9
k

98,5p,GC8?|#Sw9fGyg9D.

15vvvvv<vvvAvvvJvvvz+{GyvvvqvvvZvvv{GBvvv9|vvvUfvvvWvvvQhG}Lvvv+vvvQ|vvv#GCMvvvavvv(_vvv?GBvvv9Yvvv?<vvv9}|vvv#
GyjPGF,Gyg9C,hGygQN,@(Y{GC|yrE]G:SA"A9F9JGyA9y+?:

Cvvvvv*vvv=vvvOhCf
q

Gyvvvtvvvzvvvufvvv̂|vvvTvvvAvvvtvvv=vvv{G}|vvv#GyvvvjvvvPGFvvv,Gyvvvgvvv9C,*vvvOhQ\vvv}vvv#OGFvvvQI.pvvv,
|vvv"vvvAvvvZvvvrGyvvvAvvvTvvvgvvv+"+vvv9J|vvv#GyvvvtvvvQfGC9\vvv,GQ@vvvqvvvgvvvBCSvvvgvvv9QGAvvv=vvv(H<vvvWvvvwvvv{OQG|vvv9@vvv+wvvv,
<vTv=v>G!vMvqv9VGCMvRhf|v"v%v9<vJvOI.h<v9yvAv9[@v(svhGC;Ivdv(fIvOhKHv9fv?pv,Gyvgv9D
pv,<vOG*v?GyvtvQfGyv(GIvOhGyvgvWvQ*v#hCf

q
Gyvgv9Div+vQsv9OQfv̂|v(GFv%v?Gyvavzv>GCAvRG*vOfv̂
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GyvvvvjvvvvPGA|vvvv#GC(GQOGyvvvvavvvv=vvvv+vvvvgvvvv+vvvv?G}Svvvv9Svvvv+vvvv?G6LvvvvPI<vvvv9yvvvvAvvvv"vvvv9svvvv[hGyvvvvAvvvvO$vvvv(Q.hpvvvv,8vvvv9*vvvv?
GyvAvTvgv+"+v9J|v"v&hfv"vO|v9\vQHE!vAv9LGAv=v(HGyvgv9C,GCTvAv(*v9JGCTvGvzv?pv,G:SvAvGv9<v?
yvv~Svvgvv9QGyvvgvv9C+vv?,h@vv"vv9svv[GCMvvRhfhG!vvMvvqvv]vvBGyvvOLvv(d<vvTvv=vv>G}R|vv9JG:svvAvvZvv9O*vv?
GyvvAvv,IvvOCvvBpvv,VvvQbBSvv+vv9,GyvvAvv,Lvvq

q
vv]vvBGyvvavvzvv>fvv̂GyvvTvvzvvhGyvvjvvPGFvv+vv?<vvTvv=vv>$vv=vv(W

CSvvvgvvv9QGAvvv=vvv(H,Qv
q
vvvRJGyvvvTvvv+vvv9Svvv?hGyvvvTvvv+vvv9Svvv+vvv(fpvvv,vvvvDvvv+vvvQ|vvv#OhdGyvvvgvvv9DIvvv(dGyvvvtvvvzvvvu

GBvv9U<vv9CTvv9fvvOGJGCAvvgvvzvvtvv?<vv9CRGQfvv_hvvv+vvqvv+vv?Evv(*vvzvv%vv~CvvvDvvQ|vv#@vvQvvv+vvR$vv~fvv̂|vvWvv9vvv{
GyvgvQVhGyvavzv>,h|v9RGyvB$vPgGCTv9fvOGJIv(QGyv"vtv9T<v+#GyvOhdGCAvav(QIhGyvOhd
Gy"9|+?p,yt9AGJ|"d}?GyAG9QIGyg9C+?v}9QC*"9p,!ta?S9<t?.

Hvvvvv<vvv"vvvAvvv+vvvGvvv?GyvvvOQGSvvv9JGyvvvAvvv,svvv9e6vvv9GyvvvgvvvO*vvvO|vvv#GC"vvvdvvv}vvv9JGyvvvOhy+?hG svvvz+}vvv+vvv?
hGCJvz+?,h<vMv9Yv?GyvOQGSv?GAvO*vDv?GyvAv,sv9e6v9|vgv%vO<vJv(KSv+v9Sv9JGyvjvPGAGyvgv9C,

(IFPRI)Ivvv(d_vvvzvvv>hfvvvQVGyvvvjvvvPGApvvv,Gyvvvgvvv9DhQ<vvvbPyvvvx<vvvAvvvGvvv9QIhCSvvvgvvv9QGyvvvjvvvPGA
hG}|v#GyvjvPGFv,IvAv)Gyvgv9e2020,hpvtv9

k
yvzv}v(O*v{GyvQ*v9\v,Gyvgv9C,GyvPjCfvOqgLv=vQGA

GCgvvv%vvvOGCPvvvv(QIvvv(d;vvvz+{Svvv+vvv9Svvv?GyvvvTvvvzvvvhGyvvvRQGfvvv+vvv?h:vvv9Q7vvv9GCTvvv}vvv)(International

Model for Policy Analysis of Agricultural Commodities and Trade IMPACT)hGyvvvvvvvvvvPj
ivav)(36)<vzvOG

k
ChHv}v(fv9JOhdh(16)Svzvgv?<v}v9pv+v%v9=v+vhGAv=v(Hhpv(dGyvZv(*v9

hG@vvvPhQhGyvvvOQ!vvv+9JhGyvvvzvvvJvvv(eh|vvv"vvvAvvvGvvv9JGAvvvz+>(h$vvv,EvvvDvvv{=vvv+vvvh|vvv"vvvAvvvGvvv9JGyvvvjvvvPGA
hG}fvvv;ahGSvvvAvvv%vvv;vvvv%vvv9),hGyvvvPjLvvvZvvv[C*vvv]vvv9

k
Hvvv}vvv(fvvv?|vvv#GyvvvAvvv(GR!vvv9JCTvvvAvvv(*vvv9J

GyvvgvvQVhGyvvavvzvv>yvvzvv=vvzvvOGfGCQ@vv=vvavv?<vv}vv9@vv=vvtvv)|vv#:vv9QIGyvvgvv9D,<vv+q#C!qvv&yvv#@vv(FvvO|vvWvvwvvzvv?
pvv,;vvtvv+vvuG}|vv#GyvvjvvPGFvv,fvv̂|vvTvvAvv(iGyvvgvv9D,hE!qvv}vv9@vvAvv}vvDvv{GCWvvwvvzvv?pvv,|vv9svvO;vvtvvtvv&
GyvvvOhdGyvvv"vvv9|vvv+vvv?|vvv#R*vvv9OGJpvvv,E!vvvAvvv9Fvvv%vvv9GyvvvRQGfvvv,h|vvv#E|vvvwvvv9!vvv+97vvv9pvvv,;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?
GyvRQGfv+v?GCTvAvOG|v?hG:SvAvqv9OI|v#GyvAvtv"v+v9JGAvO*vDv?GCTvAv"v=vav?hGCAv}vDvzv?<v9yv%v"vOSv?Gyv(QGCv+v?
hGyAt"+9JGA+(*?hi+QG9.

Lvvvvv<v9yv"vTv=v?E]h\vhG}|v#GyvjvPGFv,GyvgvQN,Sv=vuCfh\vJv"v9pv,!vtvav?Sv9<vtv?Cf
q

GyvqvGv(IGyvjvPGFv+v?GyvgvQ<v+?@vR*vOIv9y+9
k

fv#50pv,GC8v?,hCfGyvOhdGyvgvQ<v+?@vOpvhSv"v(*v9
k

|v9
:*vvtvv{fvv#150|vvz+9QOh:Q@vvjvvavv+vv?:IvvAvv+vv9Fvv97vv9GyvvjvvPGFvv+vv?hSvvAvvAvv]vv9fvvr$vvPgGyvvqvv9@vv(QI
|h@]9frfOOGyTw9fp,f9e2025.

41



42



:Nb:vvvvvvvvvvvvvvvvvZ

!vJv#,G6f,pv,<vOG*v?|vQIvzv?FvO*vOI|v#Iv+v9IGCGvAv}vhGyvOh[,C:h$v,|vQIvzv?
<vOG*v?GyvtvQfGyv(GIvOhGyvgvWvQ*v#,Cj<vgvOG!vtv]v9ACvvDvQ|v#SvAv?fvtv(Ofv̂GAvQHGyvwv(!v+?
GyvvvDvvv9!vvv+?(1941vvvvv1945),h|vvv9QGpvvvtvvv%vvv9|vvv#CR|vvv9Jpvvv,GyvvvjvvvPGA,h<vvvMvvv9Yvvv?pvvv,Gyvvvtvvv9QI
G}hQh<v+?GyvAv,SvQfv9f|v9@v~Gyvtv]v9Afvz+%v9<vqv]v{GyvQCSv}v9dG}|vQ*vwv,GyvPjG8v9dfv̂
OhdGyvvtvv9QIGCPvvv(QI,|vv9COiE];vvtvv+vvuCvv(QIfvvzvv}vv+vv?,y+Upvv,GCGvv9dGyvvZvv"vv9fvv,pvvtvvb,
<vv{pvv,GCGvv9:JG}LvvQih<vvMvv9Yvv?GyvvRQGfvv,|vv"vv%vv9,Ivv+vvEEvvDvvzvvB$vvPgGyvvDvv(QIpvv,@vvavv(*vvQ
Yvv"vv9fvv?G6:JGyvvRQGfvv+vv?hG@vvQGQGJhG}Svv}vvOIGyvvwvv+vv}vv+vv9Fvv+vv?hGC=vv+vvOGJh@vvavv(*vvQGyvv=vvJvv(K
GyvRQGfv+v?,|v9Sv9fvOfv̂!vGv9M|v9C_vzvufvz+&pv,GyvgvtvO*v#GBv9|vUhGyvTv9OS|v#GyvtvQf
GC9\v,GyvDv(QIGBv]vQGA,pvAv]v9fvqvB|vgvO:JE!vAv9LGCJv9Yv+v{hGBv]vQhGAv+v(G!v9J|v#
GAvvz+>hGyvvzvvJvv~fvvOI|vvQGJ,<vvJvv+vvERGOG !vvAvv9LGyvvRQGfvv,pvv,GyvvOhdGyvvjvvQ<vv+?fvv#Ivv9Fvv?
HvvAvv}vvgvv97vv9,hCLvvPJpvv,@vvZvvO*vvQGyvvqvv9Fvv̂|vv"vv&E]HvvAvv}vvgvv9JGyvvOhdGyvv"vv9|vv+vv?GyvvAvv,D@vvAvv}vvwvv#
:|vvv#vvvv=vvvK=vvv9Mcvvv9$vvvQIGyvvvAvvv]vvvMvvv~GyvvvTvvvwvvv9Ppvvv+vvv%vvv9,h:|vvv#;vvvtvvv+vvvuGyvvvDvvv(QIGyvvvRQGfvvv+vvv?
GB]QGA<9SAD"9A<g^GyOhdh<g^GCJ9Y+{p+%9.

h@vvQ@vv>fvv̂Pyvvx!vvWvv(AG}R|vv?GyvvjvvPGFvv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?GyvvAvv,GROGOJG@vvTvv9fvv9
k

<vv}vvQhQGyvvR|vv#!vvAvv+vvGvv?@vv]vv9fvvrCfvvOGOGyvvTvvwvv9fpvv+vv%vv9fvvOI|vvQGJLvv;dGyvv"vvZvvrGyvvDvv9P|vv#
GyvvtvvQfGC9\vv,.hCYvv=vvJvvBGCWvvwvvzvv?GyvvQFvv+vvTvv?yvvzvvtvvQfGAvv9[pvv,ivv9yvv=vv+vv?GyvvOhdG}pvvQ*vvtvv+vv?
hOhdC|vQ*vwv9Gyv;@v+"v+v?hGyvwvDv+vQ|v#GyvOhdG6Sv+v(*v?<v}v9pv+v%v9|vgvdv~GyvOhdGyvgvQ<v+?(fvOG
OhdGBz+HGygQNGy"qa+?).

h!vvvAvvv+vvvGvvv?GfvvvAvvv}vvv9O|vvvgvvvdvvv~GyvvvOhdGyvvv"vvv9|vvv+vvv?fvvv̂G !vvvAvvv9LGyvvvRQGfvvv,pvvv,GAvvvZvvv(dfvvv̂
OLvvv(yvvv%vvv9Gyvvvtvvv(|vvv+vvv?,h!vvvdvvvQG

k
E];vvv(dGyvvvtvvvTvvv~G}vvvv=vvvQ|vvv#CQG\vvv,$vvvPgGyvvvOhdE]RQGfvvv?

GC"vvAvvGvv9JGyvvjvvPGFvv+vv?fvv̂IvvTvv9HGC"vvAvvGvv9JGyvv"vvtvvO*vv?GyvvAvvZvvO*vvQ*vv?,pvvtvvO@vvO$vv(QJOLvv(yvv%vv9
Gyvtv(|v+v?h@vQGvv}vBfvz+%v9GyvO*v(fyvzvOhdGCAvav(QIhyvzv}v"vdv}v9JGyvOhy+?GCtvQ\v?,vv9yv=v"vx
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GyvvvOh[hYvvv"vvvOhbGyvvv"vvvtvvvOGyvvvOh[,<vvvJvvv+vvvEhYvvvzvvvB$vvvPgGyvvvO*vvv(fE]|vvv8vvv9JGyvvv=vvv;*vvv_|vvv#
GyvOh:QGJ,h<vJv+vEEfGyvwvDv+vQ|v#$vPgGyvOhd:@vTvAvav+vhG6fOpvhpv(GFvO$vPgGyvO*v(f
<9yQi~|#Cf<g]%9|"AHyz"qb<w}+9Jv=+QI|D{G@RGFQh!+G+Q*9.

hpvv,Ivv9hyvv?|vv#GyvvOhdGyvv"vv9|vv+vv?yvvR*vv9OIE!vvAvv9Fvv%vv9GyvvjvvPGFvv,,pvvtvvOIvv(yvvB|vvTvv9Ivv9J
vvvv=vvv+vvvQI|vvv#CQG\vvv,ivvv9<vvv97vvv9h|vvvQGfvvv+vvv%vvv9GyvvvOGFvvv}vvv?hivvv+vvvQ$vvv9,E]CQGV

m
RQGfvvv+vvv?|vvvtvvvQh!vvv?

<vv9SvvAvvMvvOG|vv9Jivv+vvQSvvz+}vv?yvv~QG\vv,GCRQhfvv?,COqJE]@vvO$vv(Q|vvTvv9Ivv9Jvvv=vv+vvQI|vv"vv%vv9,
h<vv9yvvAvv9[LvvQFvvB|vv#fvv}vvz+9JG !vvAvv9LGyvvRQGfvv,(17,5pvv,GC8vv?|vv#G}QG\vv,Gyvvtvv9<vvzvv?
yvvzvvRQGfvv?fvv9C+vv9

k
Cj|vvz+9Qj$vvwvvAvv9Q)h@vvO|vv+vvQ|vv9<vv+#12vvvvv16|vvz+(f$vvwvvAvv9Q|vv#Gyvvjvv9<vv9J

Gyvvavv=vv+vvgvv+vv?,hpvvtvvOGfCvvvDvvQ|vv#15pvv,GC8vv?|vv#|vvwvv(!vv9JGyvvAvv"vv(YGAvv+vv(jIvvAvv)8vv9*vv?GyvvtvvQf
GC9\vv,(1).*vv]vv9aE]PyvvxGyvvAvvjvv+vvQGJGC"vv9Lvv+vv?GAvv9Yvvzvv?fvv̂GyvvwvvQIG}Q\vv+vv?|vvAvv}vvDvvzvv?
<vv9Q@vvqvv9YIvvQGQ7vv9!vvAvv+vvGvv?Cvvtvv>G}hRhf,hGyvvAvv,COJE]GyvvwvvDvv+vvQ|vv#Gyvvwvv(GQKGyvvavv=vv+vvgvv+vv?
vvvv9yvvvqvvv+vvv]vvv9!vvv9JhG}fvvv9Yvvv+vvvQhGyvvvR:RdhG@vvvqvvv9a(EfvvvZvvv9Q@vvvTvvv(!vvv9|vvv,pvvv,E!vvvOh!vvv+Tvvv+vvv9fvvv9e

2004,hEfvvvvZvvvv9Qvvvvv9@vvvvQ*vvvv"vvvv9pvvvv,Gyvvvv(:*vvvv9JGCAvvvvJvvvvOIG}|vvvvQ*vvvvwvvvv+vvvv?fvvvv9e2005,hRyvvvvRGd
Gyvv=vv9vvvTvvAvv9fpvv,ChGLvvQfvv9e2005),GyvvAvv,!vvGvv~fvv"vv%vv9=vv+vvgvv%vv9pvvtvvOGfvvvDvv+vvQ|vv#GC"vv9_vvu
GyvvvTvvvwvvv"vvv+vvv?hhpvvv9IfvvvWvvvQGJG6:a|vvv#GyvvvTvvvwvvv9f(|vvvO*vvv"vvv?!vvv+(ChQy+"vvvRpvvv,h:*vvv?CQ*vvvRh!vvv9
G}|vQ*vwv+v?fv9e2005),h@vZvJqvQGyvwvDv+vQ|v#G}QG\v,hLvQhFv%v9|v#GyvRQGfv?,h<v9yvAv9[
G!vvMvvqvv9VG !vvAvv9LGyvvRQGfvv,.$vvPGGyvvAvvO$vv(QGyvv=vv+vv8vv,GCQGpvvuCJvv9h:JR*vv9OIE!vvAvv9LGyvvjvvPGA,
hyvvR*vv9OIGyvvTvvwvv9fGyvvwvv=vv+vvQI|vvhGyvv"vvtvv[Gyvvwvv=vv+vvQpvv,GC(GQOGC9Fvv+vv?yvvzvvwvvDvv+vvQ|vv#G}svv9y+~Gyvvgvv9C+vv?
vvvv}vvv"vvvavvvtvvv?GyvvvWvvvQbG}hSvvvbhVvvv}vvv9dCpvvvQ*vvvtvvv+vvv9,svvv9OJhSvvvAvvvtvvv(OE]CR|vvv9JGFvvvAvvv}vvv9fvvv+vvv?vvvvv
GsvvAvvZvv9O*vv?vvvvvSvv+vv9Svv+vv?hfvvTvvwvvQ*vv?y+U<vv+#OhdG svvz+~Gyvv(GIvvO,hE!vv}vv9C*vv]vv9

k
<vv+#Csvv9y+~

GCGvvvAvvv}vvvhGyvvvOh[pvvv,<vvvOG*vvv9JGyvvvtvvvQfGAvvv9[hhSvvvbSvvv+vvvavvvQIGyvvvtvvvavvv>Gyvvv(GIvvvOfvvv̂GAvvv+vvv9I
GyvTv+v9Sv+v?hG:svAvZv9O*v?hG:FvAv}v9fv+v?GyvOhy+?,hpvu|vqv%v(eGyvgv(C?GyvTv+v9Sv+v?hG:svAvZv9O*v?
hG:FA}9f+?hGyDt9p+?.

fvv̂GCTvvAvv(iGyvvgvvQN:MvvAvvzvvrhGsvvhGAvv9d,Svv(GA<vv9yvv"vvTvv=vv?E]|vvWvvwvvzvv?GyvvjvvPGACh
GCWvvwvvzvv?Gyvv=vv+vv8vv+vv?ChGCWvvwvvzvv?GyvvTvvwvv9!vv+?ChGCWvvwvvzvv?GyvvTvv+vv9Svv+vv?ChGCWvvwvvzvv?G:svvAvvZvv9O*vv?,fvv}vv9
$vv(fvvz+&GAvv9dpvv,GyvvOhdGyvv"vv9|vv+vv?G}LvvQiEfD*vvwvv#h\vvh<vvgvv̂OhdGyvv(_vv#GyvvgvvQN
CSvv(C|vv"vv%vv9(|vvDvv{GyvvgvvQGbhGyvvTvv(OGfhpvvzvvTvvavv_hivv+vvQ$vv9),EPD@vvTvvAvvavvhGyvvOhdGyvvgvvQ<vv+?
Hvv9QGIGyvvOhdGCAvvavv(QI:pvv,GyvvDvv(QIGyvvRQGfvv+vv?h:pvv,GyvvDvv(QIGyvvZvv"vv9fvv+vv?h:pvv,GyvvDvv(QI

(1)Gordon Conway, The Depletion of Natural Resources: The Impact of Food (Washington, DC:

International Food Policy Research Institute (IFPRI), 1995).
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Gyvvgvvzvv}vv+vv?,<vv9yvvQivv~|vv#@vv(GpvvQGC9dGyvv;RehGyvvwvv9OQGyvv=vvWvvQjhGyvvgvvzvv}vv,GyvvPj*vv"vvAvvWvvQ,|vvh
G}Svvvr,<vvv}vvv8vvv9JG}yvvv(apvvv,GyvvvOhdGCAvvvavvv(QI.h|vvvhPyvvvx;vvv9hdGyvvvgvvvO*vvvO|vvv#GyvvvOhd
GyvgvQ<v+?G:SvAvqv9OI|v#Lv=vQG7v9Gyv(_v"v+v?pv,|vgv9@v?CR|v9JGyvjvPGAyvO9v9vv}v9$v(GAv9dpv,
Sv(Q*v9hpv,GyvgvQ<v+?GyvTvgv(O*v?,pv,Iv_@vgvAv=vQGCWvwvzv?GyvjvPGFv+v?pv,<vtv+v?GyvOhdGyvgvQ<v+?,
h<vvMvv9Yvv?ivv+vvQGyvv"vvqvvavv+vv?|vv"vv%vv9,|vv#C$vv~GCWvv9vvv{GyvvAvv,@vv(GFvv%vv%vv9,EP$vv"vv9cpvvGvv(IivvPGFvv+vv?
fvQ<v+?@vR*vOfv#30vvvvv35|vz+(f_v#|v#GAv=v(HSv"v(*v9

k
h@vAvRG*vOpv+v%v9|vh@vRG*vOGyvTvwv9f

h:@vvAvv(GpvvQG}|vv(GdGyvvwvv9pvv+vv?:SvvAvv+vvQGOGyvvjvvPGA,pvv,Ivv_GfvvAvv}vvOJGyvvOhdGyvv"vvqvvavv+vv?fvv̂
GSvAv+vQGOGyvjvPGA|v#GyvOhdGCAvav(QI<vWvwv{OGFv~,|v9G!vgvwvUSvzv=v9

k
fv̂GAv+v9IG:svAvZv9O*v?

hG:FA}9f+?hGyT+9S?p+%9.

h|vvhcvv%vv(Q<vv(GOQGyvvDvv(QIGyvvRQGfvv+vv?GAvvO*vvDvv?GCAvv}vvDvvzvv?<vv9SvvAvvMvvOGeGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?
hGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?GyvvAvv,CLvvPJ@vvAvv=vvzvv(Q<vv(\vv(M|vvh|vvavvzvvhGyvvtvvQfGAvv9[,h|vvh<vvQhR
|vqv9$v+v~Gyv"vdv9eGyvgv9C,G@vO*vOGCQ@vwvRfv̂|vDvzvE:Gyv=v"vxGyvOh[hYv"vOhbGyv"vtvOGyvOh[
h|v"vdv}v?GyvAvGv9QIGyvgv9C+v?|v#Fv%v?,hfv̂GC"vdv}v9JGyvTv+v9Sv+v?hG:svAvZv9O*v?hG:FvAv}v9fv+v?
hGyvvgvvTvvwvvQ*vv?yvvzvvtvv(IGyvvwvv=vv+vvQIGyvv(GIvvOIpvv,GCGvvAvv}vvhGyvvOh[(Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?)
|vv#Fvv%vv?Cvv9!vv+?,*vvAvv=vv9OQE]P$vv#GyvvwvvDvv+vvQ|vv#G:svvAvvZvv9O*vv_hG:FvvAvv}vv9fvv+vv_GyvvRQGfvv+vv_<vv{
fvv9|vv?G}pvvQGOSvv|Gdvvv=vv+vvQ|vvqvv9Og:|vv9$vv,Yvv(QIGAvv+vv9IGyvvtvv9Fvv}vv?fvv̂Gyvv=vv+vv8vv?GyvvAvv,@vvAvvO$vv(Q
<vvvTvvvQfvvv?,h<vvv9yvvvAvvv9[fvvv̂GyvvvjvvvPGAfvvv9C+vvv9

k
hfvvvQ<vvv+9

k
?h|vvv9$vvv,G:SvvvAvvvgvvvOGOGJGyvvvAvvv,@vvvtvvv(e6vvv9

Gyvv%vv+vv8vv9JhGC"vvdvv}vv9JGyvvOhy+?hG svvz+}vv+vv?hGyvvgvvQ<vv+?(Gyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?hGyvvTvvwvv9!vv+?)C(GFvv%vv?
|vvvWvvvwvvvzvvv?GyvvvjvvvPGAhGyvvvtvvv]vvv9Afvvv̂G@vvv(YhGAvvvQ|vvv9fh@vvvz|vvv_GyvvvjvvvPGAyvvvzvvvTvvvwvvv9f|vvv#Fvvv%vvv?,
hGCJvv9pvvdvv?fvv̂GC(GQOGyvvavv=vv+vvgvv+vv?(CQVh|vv+vv9g),6vvOa;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?
|#F%?CLQip,GyQ<hG}hd|#GytQfGA9[?

EFvvvv9<vvvv?fvvvv#$vvvvPGGyvvvvTvvvv|GdG<vvvvAvvvvOYGyvvvvgvvvv9|vvvvzvvvv(fpvvvv,Hvvvv9:JGyvvvvAvvvv"vvvv}vvvv+vvvv?G:svvvvAvvvvZvvvv9O*vvvv?
hG:FvAv}v9fv+v?|vqv9$v+v~IvO*vDv?hpv,|vtvO|vAv%v9|vqv%v(eGyvAv"v}v+v?GCTvAvOG|v?,hpv,Hv9dGyvAv"v}v+v?
GyvvRQGfvv+vv?|vvqvv%vv(eGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,hCLvvP$vvPGGCZvvavvzvvK*vv"vvAvvWvvQ<vvTvvQfvv?|vvP$vvzvv?
pvv,CIvv9O*vvEGCTvv|hy+#GyvvTvv+vv9Svv+vv_hG:svvAvvZvv9O*vv_hGyvvRQGfvv+vv_hfvv9|vv?Gyvv"vv9S,|vv#Ohf
EOQGcfvvzvv}vv,C]vv}vv(!vv&|vv#svv=vv{ivv9yvv=vv+vvAvv%vv~,h|vv9$vv,Gyvvwvv+vvqvv+vv?h|vv9$vv,Gyvvgvv(G|vv{Gyvvqvv9fvvzvv?
GyA,*}w#Cf@T9fOf^;t+u|]}(f$PGGCZazK.

pvv,$vvPGGyvvwvvAvv9H!vvJvv9hdEyvvtvv9AGyvv]vv(Afvv̂Hvv}vv(fvv?Gyvvgvv(G|vv{Gyvvqvv9fvvzvv?GyvvAvv,@vvTvv9$vv~
<vWvwv{Ch<v5LvQpv,;vtv+vufv}vz+?GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,hPyvx<vgvOfvQV|vTv%v>
Cq%(eGyA"}+?GyRQGf+?GCTAOG|?.
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*thGywA9Hp,?T?fWQpZ;
k
@TzTzBv9yA9[:

vvvvv|q9$+~CS9S+?p,GyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGC"9Np,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGC(GQOGC9F+?p,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGC(GQOG}Q\+?h|w9pJ?GyAZJQp,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvGCWwz?GyTw9!+?hGyA"}+?GyRQGf+?GCTAOG|?p,Gyg9DGy"9|,.

vvvvvOhQGC=+OGJGyw+}+9F+?p,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQG}S}OIh<OGFz%9p,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGy=PGQhGyAt"+9JGAO*D?p,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGy=J(KGyRQGf+?hGSAD}9QG79p,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvGyg(C?hGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGyA"(YGA+(jp,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvOhQGy"T9AGyQ*q+9Jp,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvGyg(G|{GygQ<+?GCT9fOIp,;t+uGyA"}+?GyRQGf+?GCTAOG|?p,Gy(_#GygQN.

vvvvvGy(\hGyjPGF,Gyg9C,hGygQNhGyA"}+?GyRQGf+?GCTAOG|?.

vvvvvG}|#GyjPGF,Gyg9C,hGygQNhGyA"}+?GyRQGf+?GCTAOG|?.

pvvv,Gyvvv(Gsvvvh8vvvOa|vvv#EYvvvOGQ$vvvPGGCQFvvvhE]@vvvgvvvQ*vvvrGyvvvtvvv9Q GyvvvwvvvQ*vvv~<vvv}vvv(\vvv(Y
GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?hvvv+vvqvv+vv?;vvtvv+vvtvv%vv9,h<vv9yvvAvv9[GSvvAvvOG|vv?GyvvjvvPGAh@vv(pvv+vvQg}vvvDvvQ|vv#
SvvAvv?|vvz+9QGJh!vvZvvrGCz+9Q|vv#GyvvTvvwvv9f,(|vvh<vvOG*vv?GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#)*vvtvvavv#
CvvvDvvQ|vv#80pvv,GC8vv?|vv"vv%vv~pvv,GyvvOhdGyvv"vv9|vv+vv?.EPvvvzvv"vv9*vvgvvzvv~Cf|vvWvvwvvzvv?GyvvjvvPGA@vvgvvAvv=vvQ|vv#
C$vv~GC(G\vv+vvhGyvvAvv,@vv(GFvv&GCGvvAvv}vvhGyvvOh[h|vv"vvdvv}vv9@vv&GyvvOhy+?h|vvgvvdvv~Ivvwvv(|vv9JGyvvOhd
Gyv"v9|v+v?hGyvgvQ<v+?|vhGyvgvtv(OG}h]yvzvtvQfGAv9[,!vdvQG

k
E]@v"v9sv[GC(GQOGyvav=v+vgv+v?(CQV

h|vv+vv9g)h@vvO$vv(Q$vv9,hhSvvb|vvavv9yvv=vv?GCGvvAvv}vvhGyvvOh[<vv9CJvv9pvvdvv?fvv̂$vvPgGC(GQOh<vv9yvvAvv9[
f^Gy=+8?h@z|_GyjPGAy~F+9dGyt9O|?.!z|{Cf!w(fsOhp

q
t"9p,;t+uGy%Oa.
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Ch:
k

:@g9Q*r

G:SvvAvvOG|vv?(Sustainable)vvvAvvgvvQ*vvr@vvgvv"vv,GSvvAvvGvv9<vv?GyvvAvv"vv(YGAvv+vv(j(Biodiversity)

<vGv}v+vhfv"v9YvQgy+tv9<v{|vAvavzv=v9JGyvTvwv9f,vv9SvAvMvOGeGC(GQOyvAvJvtv+vuGyvAv"v}v+v?Gyvwv9|vzv?,
ChGyvvWvv9|vvzvv?(Comprehensive Development)hE!vvGvv9RGCTvvAvv(*vv9JGyvvgvv9y+?|vv#GCgvv+vvWvv?.pvv,
Gyvvv(svvvB!vvvqvvvTvvv&*vvvWvvv}vvv{GYvvvavvv;MG:SvvvAvvvOG|vvv?Yvvv+vvv9!vvv?GC(GQOGAvvv+vvv?,hE!vvvAvvv9Fvvv+vvvAvvv%vvv9yvvvwvvv{|vvv#
G}F+9dGA9y+?hG}F+9dGCTAt=z+?,hpt9

k
y%PgGydQhahGy%+wz+?.

pvvv,\vvv(AGyvvvAvvvgvvvQ*vvvrGyvvvTvvv9<vvvu*vvv}vvvwvvv#;vvvtvvv+vvvuG}|vvv#GyvvvjvvvPGFvvv,GCTvvvAvvvOGe(Sustainable

Food Security)pvvv,CjEsvvvz+~Chpvvv,CjOhyvvv?,fvvv9OI,<vvv]vvv}vvv9fCvvv;Cvvv?fvvv(G|vvv{CSvvv9Svvv+vvv?
$vvv,:GSvvvAvvvOG|vvv?GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?(G}QVhGC+vvv9g);GSvvvAvvvOG|vvv?GyvvvAvvv"vvv(YGAvvv+vvv(j(GC(GQO
Gy"=9@+?hGA+(G!+?hGyw9F"9JGyOs+t?);hGyR*9OIGyTw9!+?GC"9S=?.

C|qvv9GyvvAvv"vv(YGAvv+vv(jpvv+vvtvvZvvO<vv&Hvv}vv(fvv?Gyvv"vv}vv9PLhG}!vv(GY|vv#Gyvvwvv9Fvv"vv9JGyvvAvv,@vvgvv+vvX
pvv,GyvvwvvQIG}Q\vv+vv?.hyvvtvvOYvv"qvvqvvB$vvPgGyvvwvv9Fvv"vv9JGAvv+vv?fvv̂Svvz

q
vv~Gyvvwvv9Fvv"vv9J|vv#CYvvjvvQ

G}!v(GYE]Cvv=vQg,vv}v9$v(GAv9d<v9yv"vTv=v?E]GyvDvO*v+v9JhGyv"v=v9@v9J.hyvtvOC\v9pvBG@vqv9sv+v?
GyvvAvv"vv(YGAvv+vv(jGyvvOhy+?fvv9e1992fvv̂@vvgvvQ*vvrGyvvAvv"vv(YGAvv+vv(jGyvvTvv9<vvu<vvJvv+vvECYvv=vvK
vvvv96O:zGyvvvAvvv"vvv(YGAvvv+vvv(j$vvv(@vvv"vvv(YG@vvv+"9Jh@vvv(R*vvvgvvv%vvv9<vvv+#G}!vvv(GYhGyvvvwvvv9Fvvv"vvv9JGAvvv+vvv?
GyvvOsvv+vvtvv?,h$vv,SvvQqGAvv+vv9IGyvvPj*vvdvv%vvQCh*vvAvv=vvzvv(Qpvv,Gyvvtvv9|vv(SGyvv(QGCvv,Gyvvwvv=vv+vvQhGyvvPj
*vOfv)<v9Apv}v̂Gyv"v(hj(DNA).hLv(j$vPGGAv}v̂Gyv"v(hjfv9OIfv̂<v;*v_GyvQ|v(R
Gyvv(QGCvv+vv?GyvvAvv,@vv]vv}vv#Gyvv"vv}vv(hGSvvAvv}vvQGQGAvv+vv9IhG}|vv9f.h<vvWvvwvv{JvvAvvZvvQ*vv}vvwvv#Gyvvtvv(dEf

q

GyvAv"v(YGAv+v(j$v(GAv+v9I<vGv}v+vhC<vgv9O$v9(1).$vPGh@v(FvO=v+vhC!v(GYGyvAv"v(YGAv+v(jpv,
Chfvvv̂GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?|vvv#CQVh|vvv+vvv9g,yvvvPyvvvx@vvvzvvvgvvv>_vvvQbGSvvvAvvvjvvv;d$vvvPgGC(GQO
Gya=+g+?GyOhQGyQF+Up,GSAOG|A%9.

(1)hRGQIG vJh v7 vSv&hfG v2v1,v7G vPv.Q0v7,GSvAvQG@v+Gv+v?GyvAv"v(YGAv+v(jpv,Sv(Q*v9(O|vWvu:Gyv(RGQI,|vO*vQ*v?

GyA"(YGA+(j,1998).
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pv,fv9e1988fvQpvB|v"vdv}v?G}ivP*v?hGyvRQGfv?GyvOhy+?GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?
(Sustainable Agricultural Development),h$vvvvv,<vvvvv+BGyvvvvvtvvvvvZvvvvv+vvvvvO$vvvvv"vvvvv9,<vvvvvz8qvvvvv9:zEOGQI

hYvv+vv9!vv?GC(GQOGyvvavv=vv+vvgvv+vv?G}Svv9Svv+vv?,h<vvJvv+vvE@vv]vv}vv#GC|SvvTvv9JhGyvvAvvtvv"vv+vv9JGCAvvavvzvv=vv9J
G !vTv9!v+?GAv9y+?hGCTvAvtv=vz+?.Ef

q
|vDv{GSvAvQG@v+Gv+v?vv%vPgKv>Cf@vgv}v{fv̂Yv+v9!v?|v(GQO

G}QVhGC+vv9ghGC(GQOGyvv(QGCvv+vv?Gyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?,vvv}vv9Kvv>Cf@vvwvv(f|vvtvv=vv(yvv?@vvtvv"vv+vv9
k

hGsAZ9O*9
k

|#GCGA}hy(2).

pvv,\vv(A$vvPGGyvvAvvgvvQ*vvr!vvJvv9hdpvv,$vvPGGyvvqvvZvv{|vv"vv9svvWvv?<vvgvv̂Gyvv"vvtvv9WG}Svv9Svv+vv?
GCQ@v=vav?<vAvJvtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,h<vMv9Yv?pv,GyvOhdGyv"v9|v+v?<v}v9pv+v%v9GyvOhd
GygQ<+?.

C9!+9
k

:Gy(\hGA9[hGyAJO*9JGCTAt=z+?yAw9|{EOGQIGyAjP*?
hLZ(<?GyAQ<?hGyRQGf?GCTAOG|?

$vv"vv9cE|vvwvv9!vv+?IvvOhOI \vv9pvv?CQGVFvvO*vvOI !vvAvv9LGCJvv9Yvv+vv{GyvvjvvPGFvv+vv?hIvvO$vv9,
|vvhG!vvMvvqvv9V!vv}vv(Gyvvjvvz

q
vv?yvvzvv}vvJvv9Yvv+vv{GyvvjvvPGFvv+vv?GyvvQFvv+vvTvv?,hsvvO\vv9fvvqvvB$vvPgG |vvwvv9!vv+?

GCJvOhOIGyvtvzvuyvOiG:LvAvZv9Yv+v_Iv(dsvOQIGyvRQGfv?GyvOhy+?fv̂@vjvP*v?Svwv9fGyvgv9D
GCAvv(svvh:vv9hRfvvOO$vv~Gyvvvv7,5|vvz+9Q!vvTvv}vv?fvv9e2020(3),vvvPyvvxCOi@vv"vv9svv[LvvZvv(<vv?
GyvAvQ<v?E]QpvhR*v9OIGyvtvzvuIv(dGSvAvOG|v?G !vAv9LGyvRQGfv,pv,|vTvAv(*v9@v&GAv9y+?.hyvPyvx
|v#Gyv]vQhQjCf@vQvvRG:SvAvQG@v+Gv+v9JGCTvAvtv=vz+?fv̂R*v9OIG !vAv9Fv+v?GyvRQGfv+v?h<v9yvAv9[
fvv̂GSvvAvvgvv}vv9dGC(GQOGyvvjvvPGFvv+vv?GCAvv(GpvvQIhG}vvvDvvQpvvgvv9y+?hGSvvAvvOG|vv?|vv#GC9\vv,.h@vvwvv9|vv{
EOGQIGyvvvgvvv"vvv9YvvvQGyvvvjvvvPGFvvv+vvv?(Integrated Nutrient Management (INM))Gyvvv;R|vvv?hGC"vvv9Svvv=vvv?
yvv"vv}vv(Gyvv"vv=vv9J|vvhvvv{|vv#GyvvAvvQ<vv?hGC+vv9ghGCJvvZvv(dGyvvqvvgqvv9d,hEOGQIG}QV@vvgvvAvv=vvQfvv}vvz+?
IT9S?:SAOG|?GyRQGf?f^GCOiGya(*{.

h@vvgvvAvv=vvQfvv}vvz+?EOGQIGyvvgvv"vv9YvvQGCAvvwvv9|vvzvv?|vvWvvQhfvv9
k
*vvgvv}vv{fvv̂R*vv9OIvvv{|vv#G !vvAvv9L

GyvvRQGfvv,hIvvqvveGyvv=vv+vv8vv?yvv~Fvv+vv9dGyvvtvv9O|vv?.E8vv9GSvvAvvQG@vv+Gvv+vv?@vvAvvgvv9hf6vv9Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?
Gyvv"vv=vv9@vv+?Gyvvgvv]vv(*vv?hivv+vvQGyvvgvv]vv(*vv?6vvOaGAvvZvv(dfvv̂E!vvAvv9Fvv+vv?fvv9y+?yvvzvv}vvJvvZvv(dhEvv"vvh
@vvO$vv(QGyvvAvvQ<vv?,h@vvTvv9fvvOpvv,@vvz|vv_fvvQVGyvvjvvPGAGCTvvAvvtvv=vv\.h@vvAvv(svvr$vvPgGyvvgvv}vvz+?fvv̂
GSvvAvvMvvOGehIvvqvveGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?hfvv̂GyvvAvvtvv"vv+vv9JGAvvO*vvDvv?pvv,R*vv9OIsvvOQIGyvvgvv"vv9YvvQ

(2)GFVJQ&lP-.
(3)Peter Gruhn, Francesco Goletti and Montague Yudelman, «Integrated Nutrient

Management, Soil Fertelity, and Sustainable Agriculture: Current Issues and Future Challenges,» (2020

Brief; no. 67, International Food Policy Research Institute (IFPRI), Washington, DC, 2000).
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GyvjvPGFv+v?yvzv"v=v9@v9J,h!vWvQGCgvQpv?<v+#GCRGQfv_hGyv=v9IvDv_.h*vAv(svr!vGv9M@vwv9|v{EOGQI
Gyvvvvgvvvv"vvvv9YvvvvQfvvvv̂G@vvvv%vvvv(OGCWvvvvAvvvvQvvvvv?yvvvvzvvvv}vvvvRGQfvvvv_hGyvvvv=vvvv9IvvvvDvvvv_hhvvvvv;AG QVvvvv9OGyvvvvRQGfvvvv,
hGAw(|9JhGyA"d+}9Ji+QGAw(|+?.

1vvvvvGyg"9YQGyjPGF+?hGC+RG!+?
pvv,fvv}vvz+?E!vvAvv9LGCJvv9Yvv+vv{*vvQvvv>Gyvv"vv=vv9JGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?<vv9yvvAvvQ<vv?|vvDvv{G}RhJ

hGyvvqvv(Svvqvv(QhGyvv=vv(@vv9Svv+vv(e(NPK)|vvhGyvv%vv(GAhGyvvWvv}vvUhGC+vv9g.h|vv#OhfG OGQIGC"vv9Svv=vv?
*vv}vvwvv#E!vvAvv9LoGCJvvZvv(dCf*vv"vvtvv[GIvvAvv+vv9_vv,Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?pvv,GyvvAvvQ<vv?,pvvqvv,CpvvQ*vvtvv+vv9
GyvvZvvJvvQGh*vv?|vvDvv;

k
:*vv"vvRY|vv#GyvvAvvQ<vv?|vv9:*vvtvv{fvv#30vvvzvvkYvv9pvv,|vv#(NPK)/$vvwvvAvv9Q

Svv"vv(*vv9
k(4).h|vvhGSvvAvv"vvRGaGIvvAvv+vv9_vv,Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?@vvAvv"vv9svv[fvv}vvz+?!vv}vv(GCJvvZvv(d

hE!vAv9Fv+vAv&.h<v}vQhQGyvR|v#@vAvQGvv~fv}vz+?G:SvAv"vRGa|v9*vtv(OE]@v"v9sv[G !vAv9LGyvRQGfv,
hiz?GCJZ(dhLZ(<?GyAQ<?,h*|OjPyxE]@O$(QGyAQ<?.

h*vv}vvwvv#Cf@vvTvv9fvvOGyvvAvvtvv"vv+vv9JGAvvO*vvDvv?fvv̂IvvqvvehE\vv9pvv?Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?yvvzvvAvvQ<vv?
fv=vQGSvAvMvOGeG}Sv}vOIGyvgv]v(*v?hGCgvO!v+?,h<v9yvAv9[*v}vwv#IvqvehR*v9OIGIvAv+v9_v,$vPg
Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?yvvzvvAvvQ<vv?.|vv#Fvv%vv?CLvvQi*vv}vvwvv#E\vv9pvv?G}Svv}vvOIGCPvvv(QI<vvzvvvDvvQ|vv#
Ivvv9Fvvv?GyvvvAvvvQ<vvv?,Cf@vvvWvvvwvvv{|vvvWvvv9vvvv{yvvvzvvv}vvvRGQfvvv_@vvvAvvv}vvvDvvv{<vvv]vvvgvvvrpvvvgvvv9y+Avvv%vvv9G:svvvAvvvZvvv9O*vvv?
h|vvWvv9vvv{yvvzvv}vvGvvAvv}vvh<vvMvvavvQ$vv9fvv̂Gyvv=vv+vv8vv?hfvv̂Gyvv"vv=vv9@vv9JPG7vv9,h<vv9yvvAvv9[fvv̂G !vvTvv9f
GCTA%zx$PgGy"=9@9JChGC"A(F9JGCZ"g?|"%9.

|vv#!vv9Ivv+vv?CLvvQi,@vvgvvAvv=vvQfvv}vvz+?E!vvGvv9RGyvvAvv(GRf<vv+#GCAvvavvzvv=vv9JGyvvjvvPGFvv+vv?yvvzvv"vv=vv9@vv9J
hGIvvAvv+vv9_vv+vv9JGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?pvv,GyvvAvvQ<vv?C|vvQG

k
CSvv9Svv+vv9

k
yvvZvv+vv9!vv?LvvZvv(<vv?GyvvAvvQ<vv?h;vvtvv+vvu

Gyvvjvv;dGyvvgvv9y+?|vv#Fvv%vv?,h|vv"vvh@vvzvv(KGyvv=vv+vv8vv?h@vvO$vv(QGyvvAvvQ<vv?|vv#Fvv%vv?Cvv9!vv+?,hGSvvAvvOG|vv?
G !vvvAvvv9LGyvvvRQGfvvv,fvvv̂GCOiGyvvvavvv(*vvv{|vvv#Fvvv%vvv?Cvvv9yvvvDvvv?.hpvvv,vvvvDvvv+vvvQ|vvv#GAvvv9:J*vvv}vvvwvvv#
EYvvv;MCh@vvvgvvv(*vvv̂Gyvvv"vvvtvvv[pvvv,fvvv}vvvz+?GyvvvAvvv(GRffvvv=vvvQGSvvvAvvvMvvvOGeG}Svvv}vvvOIGyvvvgvvv]vvv(*vvv?
hGCgvO!v+?;pvqv,vv+"+v9|vDv;

k
:GROGOJ|vgvO:Jivzv?IvZv(dGyvPQI!vAv+vGv?E\v9pv?G}Sv}vOI

G}Rh@v+?E]GyvAvQHGyvqvtv+vQI6vPGGyvgv"vZvQ|v#4,5_v#/$vwvAv9QE]6,3_v#/$vwvAv9Q,pv,
Iv_fv"vOE\v9pv?vv}v+v9JIvOhOI|v#GyvTv}v9OG}RhOD@vROGyvjvzv?Sv(i0,2_v#/$vwvAv9Q
pvvtvvb.h:@vvtvv(Ofvv}vvz+?@vvZvvJvv+vvK!vvtvv[@vv(GRfGyvvgvv"vv9YvvQGyvvTvv}vv9O*vv?pvv,GyvvAvvQ<vv?E]ivv;d
fvv9y+?|vvTvvAvvOG|vv?yvvzvv}vvJvvZvv(dpvvtvvb,hE!vv}vv9@vvtvv(OC*vv]vv9

k
E]Lvvqvv̂GAvv9Fvv?yvvRQGfvv?G}QG\vv,

Gy%9|W+?i+QGCTAOG|?(5).

(4)GFVJQ&lP-@
(5)GFVJQ&lP-@
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h*vgvAv=vQGSvAvMvOGeG}Sv}vOIGyvgv]v(*v?GyvAv,*vgvOq$v9GCRGQY,|vwv(!v9
k

CSv9Sv+v9
k

|v#fv}vz+?
EOGQIGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?(INM)h|vvhPyvvxpvv%vvPgGyvvgvv}vvz+?ivv+vvQ|vvAvv(GpvvQIyvvzvv}vvRGQfvv_pvv,
Gyvv=vvzvvOGfGyvv"vv9|vv+vv?,pvvqvv,OhdGyvvZvvJvvQGAG}pvvQ*vvtvv+vv?@vvTvvAvvMvvOeG}Svv}vvOI<vvWvvwvv{\vvgvv+vvrFvvOG

k

<vv9Ctvv9Q!vv?|vvh<vvtvv+vv?OhdGyvvgvv9D,pvvqvv,Ivv_GSvvAvvgvv}vv{Gyvvgvv9DsvvQG<vv?97,7vvvk/$vvwvvAvv9QCSvv}vvOI
pvv,GCAvv(Svvbfvv9e1996,D@vvTvvAvvMvvOeOhdGyvvZvvJvvQGAG}pvvQ*vvtvv+vv?Svv(i8,9vvvk/$vvwvvAvv9Q
p,Gyg9eGCPv(QhPyxp,G}QG\,Gyt9<z?yzRQGf?(6).

E\vvv9pvvv?E]G}Svvv}vvvOIGyvvvgvvv]vvv(*vvv?,$vvv"vvv9c|vvvZvvvOQvvvv=vvv+vvvQyvvvzvvvgvvv"vvv9YvvvQGyvvvjvvvPGFvvv+vvv?:*vvv}vvvwvvv#
SvvvOGOg,*vvvAvvv}vvvDvvv{pvvv,Jvvvz

q
vvvqvvv9JGCGvvvAvvv}vvvgvvv9JGAvvv]vvvQ*vvv?,hEfvvvv9f$vvvPGGCZvvvOQpvvvtvvv+vvvQG

k
!vvvTvvv=vvv+vvv9

k

<v9Ctv9Q!v?<v9}Sv}vOIGyvAvGv9Q*v?,E:C!v&Cv=vBfv}vz+9
k

Cf
q

hIv{GCGvAv}vgv9JGAv]vQ*v?LvTqv#<v"v+v?
GyvAvQ<v?hLvAv(jfv̂Gyvgv"v9YvQGyvDv9!v(*v?hGyvgv"v9YvQGyvZvjvQiE\v9pv?E](NPK),h@vAv(GpvQpv+v&
GyvvtvvOQIGyvvwvv9|vv"vv?y+wvv(f|vv(QOG

k
Fvv+vvOG

k
yvvzvvgvv"vv9YvvQGyvvjvvPGFvv+vv?Gyvv;R|vv?yvvzvvAvvQHGyvvRQGfvv+vv?GC(Fvv(OI

svvQHGCQGvvvRGAvv]vvQ*vv?.|vv#hFvv%vv?Gyvv"vvdvvQG:svvAvvZvv9O*vv?@vvgvvAvv=vvQfvv}vvz+?GSvvAvvgvv}vv9dGCMvvzvvqvv9J
GA]Q*?vzS}OI,|q+OIv(89@]+r|(GOvF+OI<J+E<qr|#GyAw9y+r.

|vvvv#Fvvvv%vvvv?CLvvvvQi,svvvvO:*vvvvAvvvvavvvvzvvvv>Ofvvvv~|vvvv(GQOGyvvvvgvvvv"vvvv9YvvvvQGyvvvvjvvvvPGFvvvv+vvvv?Gyvvvv"vvvv=vvvv9@vvvv+?,
<vv9yvv]vvQhQI,G:SvvAvvMvvOGeGCwvvDvvryvv~Svv}vvOIGyvvgvv]vv(*vv?.pvv9yvvAvvavv=vv+vvtvv9JGyvvRQGfvv+vv?|vvDvv{:EfvvOGO
GCZv9_v>,hRQGfv?GC}vQGJ,hGAvQGCv?GBvqv+vqv?yv~QV,Ev"vhpvtvOGfGyvgv"v9YvQGyvjvPGFv+v?.
vvv}vv9EfGyvvAvvavv=vv+vvtvv9JGyvvRQGfvv+vv?G}LvvQi,<vv}vv9pvv+vv%vv9GSvvAvvMvvOGeG}ivvavv+vv?Gyvv"vv=vv9@vv+?(GCJvv9Yvv+vv{)
h@vOGLv;JGCJv9Yv+v{hGSvAvMvOG|v9JG}Sv}vOIGyvgv]v(*v?,hvvPyvx;vTv_Lv(GUGyvAvQ<v?
h<vv"vv+vvAvv%vv9,*vv}vvwvv"vv%vv9R*vv9OIh;vvTvv_GIvvAvv+vv9_vv,Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?.pvvtvvO<vv+q"vvBGyvvOhQIGyvvRQGfvv+vv?
G@vv9|vvgvv?yvvzvvJvv=vv(HhGyvv=vvtvv(y+9JLvvqvv̂GSvvAvvgvv}vv9dG}Svv}vvOIGyvvwvv+vv}vv+vv9Fvv+vv?IvvAvv)30pvv,GC8vv?
vvv(fGAvv=vv(HEvvAvv[Gyvv"vvAvvQGJGC"vvavvzvvtvv?|vv#G@vvPhQGC"vvJvvzvv?hGyvvgvvtvvOGyvv=vvwvvAvv+vvQ*vv?yvvzvv"vv=vv9@vv9J
Gy=t(y+?.

$vvvPGhEvvvzvvvxGyvvv%vvv"vvvOSvvv?Gyvvv(QGCvvv+vvv?(Genetic Engineering)hfvvv(OG
k

hsvvvOQIfvvv̂Fvvvgvvv{
Gyv"v=v9@v9JPG7v9sv9OQIfv̂@vwv(*v#<vgv̂Gyvgv"v9YvQGyvjvPGFv+v?Gyv;R|v?yv%v9,hPyvxfv#_vQ*vu
Lvvvzvvvu,Ch;vvv(*vvv{<vvvgvvv̂Gyvvvwvvv9Fvvv"vvv9JGyvvvOsvvv+vvvtvvv?(Micro Organisms)GyvvvAvvv,@vvvTvvvAvvvavvv+vvvh@vvvDvvv=vvv+vvvB
G}RhJpv,GyvgvtvOGyv=vwvAv+vQ*v?yvzv"v=v9@v9JGyv=vtv(y+?vv9Av=v(H,h<v9yvAv9[*v}vwv#Gyv%v"vOSv?Gyv(QGCv+v?
Lvqv̂vv}v+v9JG}RhJGCTvAvMvO|v?|v#sv=v{GCRGQfv_.hpv,Iv_Evzvx$vPgG:SvAvQG@v+Gv+v?
hf(OG

k
|TAt=z+?E:Cf$PgGyg}z+?vD+QIGyAgt+Oh|wzq?p,Gy(sB!qT&.

(6)GFVJQ&lP-@
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2vvvvvG:SAG9<9JGC|ST+?
*vvAvvavvzvv>E!vvWvv9AG OGQIGCAvvwvv9|vvzvv?yvvzvvgvv"vv9YvvQGyvvjvvPGFvv+vv?pvv,GyvvAvvQ<vv?(INM):vv}vvhGyvvgvvO*vvO

|vv#Gyvvgvv(G|vv{GyvvAvvwvv"vv(yvv(Fvv+vv?pvv,vvv{|vv#Gyvv=vvJvv(KhG QVvv9OhGyvvAvvtvv+vv+vv~hG:!vvAvvWvv9Q.hvvv}vv9
*vvvAvvv(svvvhGCQAEvvv\GC"vvv9Lvvv9JGCMvvvAvvvzvvvqvvv?h!vvv}vvv9PLGyvvvAvvvQHhGCJvvv9Yvvv+vvv{hGyvvvAvvvavvv=vvv+vvvtvvv9JGCRQfvvv+vvv?
hGyvvAvvtvv"vv+vv9JGyvv]vvQhQ*vv?,_vvQ*vvtvv?|vvgvv+"?yvvAvvZvvJvv+vvK|vv+vvRG!vv+?Gyvvgvv"vv9YvvQCRQfvv?|vvgvv+"?.h$vvPg
*vv}vvwvv#Cf<vvAvvzvvrvvvz+9

k
fvv#GyvvavvQ*vvtvv?GCAvv=vvgvv?pvv,|vvRQfvv?Cvv9!vv+?pvv,|vv"vvavvtvv?CLvvQi|vv#Gyvvgvv9D.

pv}vDv;
k
pv,CFvRGA|v#BSv+v9@v|Oj<vJv(KGyvgv"v9YvQGyvZvjvQiOhQG

k
|v%v}v9

k
<vTv=v>vv(fiv;d

IvvZvv(dG}QRGCQhjsvvOhYvvzvvB|vvTvvAvv(*vv97vv9Gyvvgvvz+9<vv9yvvQivv~|vv#R*vv9OIGSvvAvvMvvOGe|vv+vvRG!vv+?
(NPK).C|qvv9GyvvAvvJvvOjGyvv=vvJvvDvv,pvv,CpvvQ*vvtvv+vv9pvv+vvDvv=vvbGyvv%vv}vv?<vvTvv=vv>GC"vv9NGyvvtvv9Svv,hCh\vv9Y

GyvAvQHhGyvAv"v(YGBv9U<v9CRGQfv_GC9yvwv_GyvZvjv9Q.fv}v(|v9
k
*vAvavzv>@vtvQ*vQGC+vRG!v+?GC;Fv}v?

yvzvgv"v9YvQGyvjvPGFv+v?,6vOaR*v9OIGyvjv;dh;vTv_LvZv(<v?GyvAvQH,}j|v(svh|v#GC(Gsvh
Gyvv=vvJvv(KGC+vvOG!vv+?GCJvvz+?.h*vv}vvwvv#G:SvvAvvqvv9OIpvv,Gyvv(svvB!vvqvvTvv&|vv#GyvvAvvgvv9hf|vvhGCQGvvvR
Gy=JD+?GyRQGf+?G sz+}+?hGyOhy+?.

|vv#Fvv%vv?CLvvQi,Kvv>EVvvQGcvvv{GC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv+vv?hGyvvtvvavv9YGBvv9Upvv,
fvv}vvz+?GyvvAvvqvv9fvv{GCPvvv(QI(GCRGQfvv(fhGyvv=vv9IvvDvv(fhGyvv=vvQG|vvHG QVvv9O*vv?GyvvRQGfvv+vv?),hPyvvx
6vvOaGyvvAvvtvv+vv+vv~GCJvvAvv}vv{h!vvWvvQGyvvAvvtvv"vv+vv9JGCJvvz+?h@vvavv(*vvQ@vvtvv"vv+vv9JFvvO*vvOICvvvDvvQ|vv;A|vv?.
h*vvzO<vvgvvO$vv9OhQGAvvwvv(|vv?pvv,|vvAvv9<vvgvv?GyvvAvvjvv+vvQ,h@vv(pvv+vvQG}Svv}vvOIGyvvwvv+vv}vv+vv9Fvv+vv?h@vv(R*vvgvv%vv9
h@vvv"vvvdvvv+vvv~GyvvvTvvv(bGBvvv9U<vvv9yvvv"vvv=vvv9JhGyvvvgvvv"vvv9YvvvQGyvvvjvvvPGFvvv+vvv?.|vvv#Fvvv%vvv?CLvvvQi,*vvvAvvvavvvzvvv>|vvv#
GAvvwvv(|vv?@vv(pvv+vvQGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?G}pvv]vv{,<vvJvv+vvE*vvAvv}vvwvv#GCRGQfvv(f|vv#@vvgvvR*vvR|vv(Gsvvgvv%vv~
hGyv(Yv(dE]GCgvzv(|v9JhGyvAvtv"v+v9JGyvAv,@vTv9fvO$v~fv̂E*vZv9dIv9Yv+vzv%v~E]G}Sv(Gb
GC"9S=?y%9.

C9yD9

k
:@w9|{GCOL;JGyOGLz+?hGB9QF+?6OaGyAwD+rGCTAOGe
@vvTvvAvvMvvOe|vv"vvdvv}vv9JGyvvAvv"vv}vv+vv?GCJvvz+?hGCRGQfvv(fIvv(dGyvvgvv9D@vvtvv"vv+vv9J|vvAvv=vv9*vv"vv?yvvAvvgvvR*vvR

hR*vv9OIG !vvAvv9LGyvvjvvPGFvv,,E:Cf
q

GyvvAvvwvv9y+rGCQ@vvqvvgvv?yvv~Svv}vvOIGyvv;fvv]vv(*vv?hGyvvwvv+vv}vv+vv9Fvv+vv9J
G}LvvQi,ivv9yvv=vv9

k
|vv9:vvgvv{GCRGQfvv_*vvDvvtvv(f<vv9C(GQOGCJvvz+?GCAvv(GpvvQIfvv(\vv9

k
fvv#VvvQGFvv%vv9.yvvtvvO

G!vvvAvvvWvvvQJGCOLvvv;JGBvvv9QFvvv+vvv?GC"vvvAvvvGvvv?(Externally Produced Inputs (EPI)),GyvvvAvvv,@vvvOfvvv)
Ohy+9

k
<v9COLv;JGyvRQGfv+v?GBv9QFv+v?GC"vMvqv]v?(Low External Input Agriculture (LEIA)),

<vvTvvQfvv?vvv=vv+vvQIpvv,CFvvRGAJvvAvvzvvqvv?|vv#Gyvvgvv9DvvvMvv+vv9Q;vvOm,Ch|vvAvv}vv~m
yvvAvvtvv"vv+vv9JGyvvDvv(QIGBvv]vvQGA.

$vvvPgGCOLvvv;JGyvvvRQGfvvv+vvv?GBvvv9QFvvv+vvv?GC"vvvMvvvqvvv]vvv?,Ofvvv}vvvBG}!vvvdvvv}vvv?GyvvvRQGfvvv+vvv?GyvvvAvvvtvvvz+O*vvv?
<v}vJv9Yv+v{GyvAvjvav+v?hG}Sv}vOIGyvgv]v(*v?(Jvzvqv9JGAv+v(G!v9J),h;vTv_EOGQIfv}vz+?GyvAv=v(*vQ
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6vOaYv+v9!v?|vwv(!v9JGC9OIGyvgv]v(*v?pv,GyvAvQ<v?|v(cvqv?<vPyvx|vtv9*v+vUGAvqve(GyvAvQGSv9J,
|vZvOGJGyvQ*v9M,G}Sv+vGv?)CQGsv=v?@v5vv{GyvAvQH.vvPyvxGSvAvMvO|vB_vQbGyvRQGfv?GCMvAvzvqv?
(GyvvRQGfvv?Gyvvwvv"vvAvv(Q*vv?,@vvtvvz+[fvv}vvz+?GAvvQGCvv?,GCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9J(IPM))6vvOa
R*vv9OIGCMvvQFvv9JGyvv=vv+vv8vv+vv?yvvzvv}vvTvv9Gvv?pvv,@vv(pvv+vvQG}|vv#GyvvjvvPGFvv,yvv~SvvQ.h*vvAvv}vvDvv{Gyvvgvv"vvZvvQ
Gyvvvgvvv9e<vvv+#$vvvPgGyvvvAvvvavvv=vvv+vvvtvvv9J,ivvv9yvvv=vvv9

k
,pvvv,;vvv9Vvvv,Gyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv9JGyvvvRQGfvvv+vvv?hGCOLvvv;J

GCRQfvv+vv?G}LvvQih*vvTvvAvvgvv9Vfvv"vv%vv9<vvAvvavv(*vvQ@vvwvv9|vv{C!vvdvv}vv?E!vvAvv9LGCJvv9Yvv+vv{|vvhC!vvdvv}vv?
G !vvvAvvv9LGAvvv+vvv(GP,<vvv}vvv9pvvv+vvv%vvv9C!vvvdvvv}vvv?RQGfvvv?Gyvvvjvvv9<vvv9JhGyvvvAvvvWvvvGvvv+vvvQ<vvvz!vvv(Gfvvv&,GyvvvAvvv,@vvvTvvv}vvvK
<vvAvvJvvTvv_OhQIGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?(GyvvAvvjvvP*vv?)|vv#Fvv%vv?,hGCwvv9pvvJvv?Gyvv=vv+vv(yvv(Fvv+vv?yvv7pvv9J
hG}|vvvvQGV|vvvv#Fvvvv%vvvv?CLvvvvQi.h*vvvvAvvvv}vvvvDvvvv{$vvvvOavvvvv{|vvvv#GyvvvvTvvvv+vvvv9Svvvv?hGyvvvv=vvvvJvvvvEhG QVvvvv9O
<vv}vvTvv9fvvOIGCRGQfvv_GCTvvAvvMvvO|vv_yvvzvv}vvOLvv;JGyvvRQGfvv+vv?GBvv9QFvv+vv?GC"vvMvvqvv]vv?fvv̂;vvtvv+vvu
hE!vvvGvvv9RzGyvvvAvvvwvvvDvvv+vvvrGCTvvvAvvvOGey(Sustainable Intensification (SI))GyvvvAvvv,@vvvWvvv+vvvQE]GyvvvR*vvv9OI
GCAvvRG|vv"vv?pvv,Gyvvgvv(GFvvOyvv~QVhGyvvgvv}vv{(pvv,GCOiGyvvtvvZvv+vvQ),hIvvqvveChYvv+vv9!vv?@vv(GRf
Gyg"9YQGyjPGF+?<9yAQH(p,GCOiGya(*{).

h<v9yvQiv~|v#G@v%v(OGyvwv=v+vQIGC=vPhyv?|v#sv=v{GC"vdv}v9JGAvwv(|v+v?hiv+vQGAvwv(|v+v?,
h|vWv9Q*vhGyvAv"v}v+v?GCJvz+?yvAvWvGv+vhGCRGQfv_fv̂GyvAvJv(dYv(HC!vdv}v?GCOLv;JGyvRQGfv+v?
GBv9QFv+v?GC"vMvqv]v?,E:Cf

q
@v=v"v,$vPgG}!vdv}v?svOGsvAvZvQfv̂GCRGQfv_GyvP*v#IvZvzv(Gfv̂

GyvOfv~GyvAvtv"v,hGC9[pvtvb.hpv,Gyv(Gsvh,E!qv&|v#Ohf$vPgGCTv9fvOISvAv=vtv)@vav=v+vtv9J!vdv~
GCOLv;JGyvRQGfv+v?GBv9QFv+v?GC"vMvqv]v?|v%v}vzv?h|vWv+vQI<vPyvxE]Cf

q
G@v(G!v>G:svAvZv9O*v?

y%PgG}!d}?(LEIA)y+TBOGF}9
k

hG\J?h|]}(!?Ch|gt(y?yz}RGQf_.

1vvvvvGLA;aGA9F9J<9LA;aGCRGQf_

|v#Gyvgv9OGJGyvAvtvz+O*v?Gyv=vgv+vOIGCOiyvzv}vRGQfv_pv,OhdC|vQ*vwv9Gyv(Svav),GSvAvgv}v9d
Iv9Yv+v{GyvAvjvav+v?(Cover Crops)pv,GyvOhQIGyvRQGfv+v?|vhGyvPQI,CQGsv=v?@v5vv{GyvAvQ<v?hEfv9OI
LvZv(<vAv%v9.h<v}vTv9fvOIGC"vdv}v9Jiv+vQGAvwv(|v+v?h<vQG|vHGyvAv"v}v+v?Gyvgv9C+v?,@v(SvgvBhG!vAvWvQJ
<vWvwv{hGSvhC!vdv}v?RQGfv?Iv9Yv+v{GyvAvjvav+v?<v9yvQiv~|v#Cf

q
fv}vz+?@v=v"qv+v%v9D@vAv~6vOhA,pvqv,

<vgv̂GC(GsvhGSvAv}vQGCRGQfv(fhfv9Fv;7v~<v9SvAvgv}v9dGCOLv;JGyvwv+v}v+v9Fv+v?<vTv=v>GQ@v=v9_v%v~
ChG!vvWvvjvv9yvv%vv~<vv9yvvgvv}vv{GCRQfvv,hIvv9FvvAvv%vv~E]Lvvqvv̂|vvAvvavvzvv=vv9JGyvvgvv}vv{GCRQfvv,Gyvvwvv\.C|vv9
GCRGQYGyvwv=v+vQIGAvGv~,pv+v}vwv"v%v9E<vtv9AGyvDvtv?pv,C!vdv}v?GyvAv=v(*vQGyvAvtvz+O*v?,h$v,<vWvwv{fv9e
Csvv{CGvv+vv?<vvwvvDvv+vvQ|vv#C!vvdvv}vv?G !vvAvv9LGCwvvDvvqvv?yvvzvvgvv}vv{.h*vvdvv%vvQGCRGQfvv(fCGvv+vv?vvv=vv+vvQIpvv,@vv=vv"vv,
C!vvvvdvvvv}vvvv?GCOLvvvv;JGyvvvvRQGfvvvv+vvvv?GBvvvv9QFvvvv+vvvv?GC"vvvvMvvvvqvvvv]vvvv?(LEIA)GC(Fvvv(OIivvv9yvvv=vvv9

k
pvvv,GC"vvv9_vvvu

GC"gRy?,I+EEfv;
k
|#GC"AHhCS(GbGyg}{i+Q|Aa(QvD+QG

k
.
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yvtvO<vQ$v"vBG !vGv9RGJG:svAvZv9O*v?}!vdv}v?GCOLv;JGBv9QFv+v?GC"vMvqv]v? !vAv9L
GyvPQI(pv,OhQIRQGfv+v?|vhGyv=vtv(dGyvZvjv+vQIChGyv"v9fv}v?),<vz8v9|vQiv(<v?CvvDvQ<v9yv"vTv=v?E]
fvvv9FvvvOG7vvv9|vvv#G}QV,E:Cf

q
G}!vvvdvvv}vvv?G !vvvAvvv9Fvvv+vvv?GCTvvvAvvvMvvvO|vvv?yvvv~Svvv}vvvOIGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?Ch

GyvvAvv=vv(*vvQGyvvAvvtvvz+Oj,|vv9RG:*vvTvvGvv;ffvv9FvvOGJCvvvDvvQGQ@vvqvv9fvv9
k
<vv9yvv"vvTvv=vv?E]Gyvvgvv}vv{(vvv}vv9$vv(

GAvv9d<vv9yvv"vvTvv=vv?E]GAvv9yvv?GCgvvQh\vv?pvv,G@vvOhdQsvv~(1vvvvv1)).h<vv"vv9Afvv̂PyvvxG!vvMvvQW
GCRGQfvvv(fGyvvvZvvvjvvv9Qpvvv,Svvv(bGyvvvgvvv}vvv{hCYvvv=vvvJvvv(G,ivvv9yvvv=vvv9

k
,|vvvgvvv9Q\vvv_Bvvvqvvv̂GSvvvAvvvMvvvOGe

G}Svvv}vvvOI,pvvv,Ivvv_CYvvv=vvvKGCRGQfvvv(fGyvvvwvvv=vvv9Q*vvvAvvvtvvv=vvvzvvv(fpvvvwvvvQIGCJvvv9pvvvdvvv?fvvv̂Gyvvvgvvv(GFvvvO
(Gy(GQOI)GCt=(y?|hG !G9RGC"Mq^yWQGAGCOL;JhGyg}{.

G@OhdQs~(1vvvvv1)
|"GRGJC!d}?GCOL;JGB9QF+?GCQ@qg?hGC"Mq]?hGyAtz+O*?GC"AG?yzPQI

p,F"(H!+w9QGi(G(IZ9OS"(j)
Gy="vvvvvvvvvO|OL{f9dm|OL{|"Mq^|OL{@tz+Oj

iz?GyPQI(vk/$vvvv)885834513

GSAMOGeGyg}{(*(e/$vvvv)31,740,624,1

Gyg9FOG =9[(Oh:Q/$vvvv)16715797

@w9y+rGC(GOG}hy+?(Oh:Q/$vvvv)643613

Gyg9FOGyZ9p,y~QV(Oh:Q/$vvvv)10312184

Gyg9FOGyZ9p,yzg}{(Oh:Q/Gy+(e)3,23,03,5

Gyg9FOGyZ9p,yQCS}9d(Oh:Q/Oh:Q)1,63,46,2

GCZvvvvOQ:M. F. H. Bourgondien, «Low and High Agriculture in the Agrarian Frontier,» in: Ruerd

Ruben and Johan Bastiaensen, eds., Rural Development in Central America: Markets, Livelihoods, and

Local Governance (Houndmills, Basingstoke, Hampshire: MacMillan Press Ltd; New York: St. Martin’s

Press, 2000).

h|vvvhfvvvOeYvvv}vvv(O$vvvPgGCJvvvOOGJ,CYvvv=vvvJvvvBIvvv9Yvvv+vvv{GyvvvAvvvjvvvavvv+vvv?,vvvv}vvv9$vvv(GAvvv9d
<v9yv"vTv=v?E]Gyv=vtv(dGyv"v9fv}v?,PGJsv+v}v?|vAv}v}v?yv~Sv}vOIGyvwv+v}v+v9Fv+v?yvgv9Fv;JGCRGQfv_,
|WAt_OL(y%~|=OF+9

k
|#!d9eRQGf?GyPQIvvvvvGy=t(d.

2vvvvvGCOL;JGyOGLz+?hGB9QF+?
@vvgvvAvv=vvQ<vvQG|vvHOfvv~GyvvAvv"vv}vv+vv?h!vvWvvQC!vvdvv}vv?GCOLvv;JGyvvRQGfvv+vv?GBvv9QFvv+vv?GC"vvMvvqvv]vv?
(LEIA)CvvvDvvQ!vvGvv9Ivv9

k
fvv"vvO|vv9@vvAvvJvvOCh@vvAvvwvv9|vv{GCOLvv;JGCJvvz+?GCAvv(GpvvQI|vvhGCOLvv;J

55



GBvv9QFvv+vv?GCMvvAvv9QIhGCTvvAvvMvvO|vv?.h*vv(Yvv,Gyvv=vvgvv̂<vv{fvvavv9A<vvgvv̂G}Svv}vvOIGyvvwvv+vv}vv+vv9Fvv+vv?
yvvv~QG\vvv,PGJGCJvvvAvvv(iGC"vvvMvvvqvvv̂yvvvzvvvgvvv"vvv9YvvvQGCjvvvP*vvv?|vvv#Fvvv%vvv?,hGyvvvAvvv,*vvvAvvvzLvvvQE\vvv9pvvv?
Gyvgv"v9YvQGyvjvPGFv+v?|v#GCZv9OQGyvgv]v(*v?yv%v9(vv9}Sv}vOIGBv]vQGAhGyvQhKhGyvwv(|v=vTvB)
|vv#Fvv%vv?CLvvQi.h*vv;Ivvepvv,$vvPGGCGvv9dGyvvtvvzvvuGCAvvRG*vvOyvvzvv}vvRGQfvv_|vv#GAvvtvv+vvtvv?Gyvvtvv9Fvvzvv?
EfGCOL;JGyg](*?hGyw+}+9F+?y+TB|TAOG|?vz+9

k
.

yvvtvvOVvvGqvvhGCRGQfvv(fGC(Fvv(Ohfpvv,GC"vv9_vvuGCQ@vvqvvgvv?yvvwvv+"+vv9fvv̂h\vvhhO*vvgvv?pvv,
GCZvvvQahCf*vvv"vvvAvvvGvvv(GG}Svvv}vvvOIGBvvv]vvvQGAyvvvAvvvwvvvDvvv+vvvrE!vvvAvvv9LGBvvv]vvvQ.h!vvvdvvvQG

k
E]Cf

q
fvvv}vvvz+?

GyvAvJvzv{@vAv~hsvBGSvAv%v;vv%v9,pv{ffv}vz+?GSvAvMvOGeG}Sv}vOIGyvwv+v}v+v9Fv+v?@vAv"v9sv[@vOQKv+v9
k

E]Cf@vvZvv{E]|vvTvvAvv(iE!vvAvv9Fvv%vv9G}O!vv)GyvvPjLvvtvvuCpvv]vv{Gyvv"vvAvv9FvvH.pvv,Gyvv(Gsvvh*vvAvvQOO
GCRGQfvvv(fpvvv,G IvvvGvvv9evvvvz+9

k
fvvv#VvvvQGAGSvvvAvvvMvvvOGeGCOLvvv;J.h@vvvgvvvAvvv=vvvQ$vvvPgGCtvvv9h|vvv?Ch

GCgvv9Q\vv?|vvqvv%vv(|vv?,vvv(fGCOLvv;JGBvv9QFvv+vv?@vvTvv}vvKCh@vv(pvvQR|vv"vv9
k

Cpvv]vv{yvvgvv}vvz+9J:
;vvv]vvv+vvvQGyvvvAvvvQ<vvv?yvvvzvvvRQGfvvv?,Gyvvv=vvvPQhGyvvv"vvvWvvv9_vvv9JGyvvvRQGfvvv+vvv?G}LvvvQiGBvvv9Yvvv?<vvv9CJvvvZvvv(d
hYvv+vv9!vvAvv&,h<vvqvv̂pvv,Gyvv(svvB!vvqvvTvv&Gyvvavvzvv>fvv̂Gyvvgvv}vv{pvv,GyvvqvvAvvQGJGAvvQFvv?(PQhGJ
Gyg}{),v}9E89@"AH|"A(F9J|RQf+?FPG<?yz}TA%zw_p,G}S(Gb.

3vvvvvGyT+9S9JGyRQGf+?
yvvtvvO@vvgvvRRJ@vvtvv"vv+vv9JGCOLvv;JGBvv9QFvv+vv?GC"vvMvvqvv]vv?<vvWvvwvv{hGSvvhfvv=vvQHvv}vv(fvv9J

GCRGQfv_hGC"vdv}v9Jiv+vQGAvwv(|v+v?,hPyvxpv,Iv9hyv?Bvqv̂G:fvAv}v9Ofv̂GyvAvGv9QhFv([
GCOLvv;J,Ivv+vvEsvvOq|vvBGCWvv9Q*vvhGCJvvz+?fvv9|vv?GyvvOfvv9|vv9JG@vv($vvQ*vv?yvvAvvgvvR*vvRLvv+vv9QGC(GQO
GyvjvPGFv+v?,h@vjvav+v?GyvAvwv9y+rGCjv}v(QI(iv+vQGCzvJv(cv?)GBv9Yv?<v}vtv9*v+vUYv+v9!v?GyvAvQH.pv,
GCOiGyvav(*v{@vAvavzv>G:SvAvOG|v?GAvtv+vtv+v?@v(pv+vQGyvOfv9|v9JGCPvv(QIhGyvAvav=v+vtv9JGCQ@v=vav?,
hPyvvx<vv9svvAvvZvv9OGJ|vvgvvtvv(yvv?h|vvTvvAvvtvvzvv?fvv#GyvvOfvv~GBvv9QFvv,.h<vv9yvvAvv9[Kvv>fvv̂GyvvTvv+vv9Svv9J
G:sAZ9O*?hGyOf~GC|ST9OCf@(FOp,G}|9v#GyA,@T%{GyA=",GCTAOGe.

yvvtvvOIvv9hd|vvRGQfvv(CpvvQ*vvtvv+vv9GyvvWvvQsvv+vv?;vvTvv_ivv;dGAvv=vv(HhG}svvavv9f|vv9<vv+#20vvvvv
40pv,GC8v?<v9SvAvMvOGeGyvZvMv(QGyvqv(Svqv9@v+?GCAv(GpvQIIvz+9

k
,fv(\v9

k
fv#GSvAv+vQGOG}Sv}vOI

|vvv#GBvvv9QL.C|vvv9@vvvwvvv9y+rGyvvv"vvvtvvv{pvvv%vvv,fvvv9y+?FvvvOG
k

h<vvvWvvvwvvv{!vvv}vvv(PFvvv,<vvvJvvv+vvvE:Evvvw
q
vvv#

GCRGQfvv_GyvvZvvjvv9Q|vv#G:SvvAvvDvv}vv9Qpvv+vv%vv9.vvv}vv9EfIvvOhO*vv?GyvvAvv}vv(*vv{hYvvgvv(<vv?Gyvv(Yvv(dEy+&
*vv}vvwvv#Cf@vvwvv(ffvv9Fvvtvv9

k
BLvvQyvvzvv}vvRGQfvv_.vvvPyvvx@vv]vvjvvbCSvvgvv9QGCJvv9Yvv+vv{fvv̂GCRGQfvv_

pvv+vvAvvQOOhfpvv,GSvvAvvgvv}vv9d;vvTvv+"9Jpvv(Svvqvv(QGyvvAvvQ<vv?.h!vvdvvQG
k

E]Cf
q

Gyvvqvv(Svvqvv9Jpvv,GyvvAvvQ<vv?
LvvTqvv#|vv#pvvgqvv9y+?G}RhJ,pvv}vv#GCJvvAvv}vv{Cf*vvAvv}vvwvv#GCRGQfvv(fGyvvtvv9OQhffvv̂Gyvv(Yvv(d
E]G}Svv}vvOIyvv;SvvAvvqvv9OI|vv"vv%vv9,h<vv9yvvAvv9[*vv}vvwvv#GyvvTvv+vv9Svv9J,GyvvAvv,@vvR*vvO@vv(GpvvQGyvvqvv(Svvqvv9J
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hE|vwv9!v+?GyvAvTv}v+vOhGyv(Yv(dyv5svQGV,Cf@vTv9fvOfv̂@v=v"qv,C!vdv}v?GCOLv;JGyvRQGfv+v?
GB9QF+?GC"Mq]?,h<9yA9[E!A9Li;dPGJf(GFOF+OI.

pv,Fv"v(HGyv%v"vOhVvQbFv9hI@vROGOCvtv?GCRGQfv_pv,GC"vAvGv9JGAv+v(G!v+?h<vMv9Yv?
Gyvv=vvtvvQ*vv?|vv"vv%vv9,ChGC"vvAvv(Fvv9JGyvvjvv9<vv(*vv?vvv{Ivv;:JFvvRFvv+vv?yvv~Svv}vvOIGyvvwvv+vv}vv+vv9Fvv+vv?.h<vv9yvvQivv~
|vv#Cfivv;dGAvv=vv(H|vv"vvMvvqvv]vv?!vvTvv=vv+vv9

k
,<vvJvv+vvE:vvgvv{fvv}vvz+?Lvvqvv̂@vvwvv9y+r|vvOLvv;J

fvv(GFvvOGyvvgvv}vv{|vvtvv=vv(yvv?yvvOiGCRGQfvv_.C|qvv9GCRGQfvv(fGyvvZvvjvv9Qpvv,G}QG\vv,GCTvvAvvzFvvQI,
pvvv{8vvv~CvvvvDvvvQGCRGQfvvv_EVvvvwvvv9:

k
pvvv,@vvv=vvv"vvv,@vvvtvvv"vvv+vvv9JC!vvvdvvv}vvv?GCOLvvv;JGyvvvRQGfvvv+vvv?GBvvv9QFvvv+vvv?

GC"vvvMvvvqvvv]vvv?.Ef
q

GSvvvAvvvgvvv}vvv9dLvvv+vvv9Q|vvv(GQOGyvvvAvvvjvvvP*vvv?*vvvAvvvavvvzvvv>GyvvvAvvv]vvvJvvv+vvv?h;vvv(*vvv{svvvTvvv~|vvv#
G}QG\vv,Gyvvtvv9<vvzvv?yvvzvvRQGfvv?yvvzvvQfvv,ChGyvvAvvWvvGvv+vvQGyvvjvv9<vv(j,E:Cf

q
GCTvvAvvzFvvQ*vv#y+UyvvO9vv~

C*vv?pvvQYvv?yvvzvv(Yvv(dE]$vvPgG}QG\vv,pvv,GyvvTvv"vv(GJGyvv;Ivvtvv?.$vvPGh@vvtvv(OGyvvAvvjvv+vvQGJpvv,
!vvvdvvv9eGyvvvAvvvzFvvv+vvvQE]@vvvgvvvR*vvvRh\vvv}vvv9fGyvvv(Yvvv(dGyvvvavvv(*vvv{GCOiE]G}QV,h<vvv9yvvvAvvv9[@vvv"vvvAvvvH
JQF9JF+OI|#Gyj;dyw{|#@="q)GyAt"+9JhG}|#GyjPGF,.

QG<g9
k

:Gy"}(GyRQGf,h:">GyqtQhGyA"}+?GCTAOG|?
yvtvOIvtvuGyvgvO*vO|v#GyvOhdGyv"v9|v+v?|vgvO:J!v}v(Fv+vOIpv,GyvRQGfv?Lv;dGyvgvtv(O

G}Lvvv+vvvQI|vvv#GyvvvtvvvQfGC9\vvv,.pvvv5Svvv+vvv9|vvvDvvv;
k

$vvvOOJ<vvv9@vvv(YhGyvvvwvvvDvvv+vvvQ|vvv#GCGvvv9fvvv9Jpvvv,
GyvvTvvAvv+"+vv9J|vv"vv&,E:C8vv9Ivv9y+9

k
|vvwvvAvvqvv+vv?PG@vv+9

k
pvv,GCJvv9Yvv+vv{GyvvjvvPGFvv+vv?GCTvvAvvtvvQIRQGfvv+vv9

k
,

<v9yvQiv~|v#|v]v9fvqv?Svwv98v9Lv;dGyvqvAvQIGCPvv(QI.h<v9yvQiv~|v#$vPGGyv"vGv9M$v"v9csvzvu
hG\vvKfvv̂|vvTvvAvvtvv=vv{GyvvgvvO*vvO|vv#Ohyvv%vv9Ivv+vvEGyvvqvvtvvQh!vvtvv[GyvvAvvjvvP*vv?*vvTvvAvvtvvQGfpvv+vv%vv9,
hPyvvx,<vvTvv=vv>fvvOe;vvtvv+vvtvv%vv9Gyvv"vv}vv(GyvvRQGfvv,Gyvvwvv9pvv,pvv,G}!vvdvv}vv?GyvvRQGfvv+vv?GyvvTvv9<vvtvv?,Ch
ELvvvqvvv9svvv%vvv9pvvv,@vvv(pvvv+vvvQGC"vvv9pvvvhGC"vvv9Svvv=vvv?yvvvzvvvqvvvtvvvQGA.h@vvvAvvvavvvzvvv>GyvvvR*vvv9OIGCAvvv(svvvgvvv?pvvv,Gyvvvavvvzvvv>
GyvvRQGfvv,,GCtvvQhf<vv9yvv"vv}vv(GyvvTvvwvv9PhR*vv9OIOLvv{GyvvqvvQO,G:SvvAvv}vvQGQpvv,R*vv9OIG !vvAvv9Fvv+vv?
GyvvRQGfvv+vv?,<vv9yvvQivv~|vv#CfGyvvWvv(G$vvO@vvWvv+vvQE]@vv"vv9svv[!vv}vv(Gyvvjvvzvv?hGyvvAvv(svvgvv9JGCTvvAvvtvv=vvz+?
GCJvvOhOIyvvzvvAvv(Svvhpvv,GCTvv9Ivv9JGCQh*vv?hRQGfvvAvv%vv9<vv9CJvv9Yvv+vv{.|vv#Fvv%vv?CLvvQi7vvOO
GCWvvwvv;JGyvv=vv+vv8vv+vv?GCtvvQh!vv?<vv9yvvRQGfvv?GCTvvAvv(*vv9JGCTvvAvvtvv=vvz+?yvv5!vvAvv9Fvv+vv?GyvvRQGfvv+vv?,h@vv(FvvO
@w9y+r<+8+?hYJ+?s9S+?f^GCTA(*9JGy(_"+?hGyg9C+?.

h|v#GCgvQhaCf
q

$v"v9c\vQhQIyvzv"v}v(GCTvAv}vQyvzvRQGfv?pv,iv9yv=v+v?GyvOhdGyv"v9|v+v?,
E:Cf

q
$vPGGyv"v}v(Kv>C:*vwv(fIvqv(pv9

k
<v9CMv9_vQ,Cjfv̂IvTv9HGC(GQOGyvav=v+vgv+v?,Ch

*vvqvvQV@vvwvv9y+rE\vv9pvv+vv?.vvvPyvvxKvv>Cf*vvwvv(fGyvv"vv}vv(|vvAvv(GR!vv9
k

vvv,*vvTvv9fvvOfvv̂:vv"vv>
GyvvqvvtvvQh*vv||qvv#GyvvjvvPGA.hy+U<vv9yvv]vvQhQIGSvvAvvwvv}vv9dG}$vvOGaGyvvDvv;Cvv?:Gyvv"vv}vv(GyvvRQGfvv,;
:v"v>GyvqvtvQhG}|v#GyvjvPGFv,;GSvAvOG|v?Gyv=v+v8v?vvz|v"v+v9JmKv>;vtv+vtv%v9vvz

q
v%v9|vgv9

k
.h<v9yvQiv~
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|vvv#GyvvvwvvvDvvv+vvvQ,*vvvAvvv(svvvrfvvv̂G@vvv(G!vvv>ChG}h\vvv9YG:FvvvAvvv}vvv9fvvv+vvv?hG:svvvAvvvZvvv9O*vvv?hGyvvv=vvv+vvv8vvv+vvv?
GyvvRQGfvv+vv?,pvv}vv#GCJvvAvv}vv{Cf@vv"vvGvvRCh@vvTvvAvvwvv}vv{OQFvv?fvv9y+?|vv#G}$vvOGaGCPvvv(QIEPG
v9!BGyA"}+?GyRQGf+?:

vvvvvsvvv9Fvvv}vvv?fvvv̂svvv9fvvvOIhGSvvvgvvv?|vvv#GCRGQYGyvvvZvvvjvvv+vvvQIhGCAvvv(Svvvavvv?GAvvvGvvv~(Small-and

Medium-Sized Farms (SMSF)).

vvvvvs+9OIGyT(b.

vvvvvGCT9G?hGy;|QvR*?.

vvvvv@vvvavvv=vvv+vvvuGyvvvAvvvtvvv"vvv+vvv9JGyvvvAvvv,@vvvgvvv}vvv{fvvv̂R*vvv9OIfvvv9|vvv{Gyvvvjvvvz
q
vvv?|vvvhGCJvvv9pvvvdvvv?fvvv̂|vvv(QO

G}QVhfOe@O$(Qg.

h*vvv}vvvwvvv#|vvvDvvv{$vvvPGGyvvv"vvv}vvv(Lvvvqvvv̂CSvvvgvvv9QGyvvvjvvvPGA|vvv#Fvvv%vvv?,hR*vvv9OIvvvv{OLvvv(d
GCRQfvv?,h@vvwvvDvv+vvrGyvvgvv}vv9yvv?,hR*vv9OIpvvgqvv9y+?Gyvvavvzvv>fvv̂GyvvTvvzvvhhGBvvO|vv9JGyvv;ivvPGFvv+vv?,
h<vvMvv9Yvv?pvv,GCOfGyvvZvvjvvQih|vvQGvvvRGyvvTvv(b|vv#Fvv%vv?CLvvQi.h*vv}vvwvv#|vvh@vvtvvzvv[GyvvqvvtvvQ
h@vvgvvR*vvRGyvvAvv"vv(YG:svvAvvZvv9Ojpvv,GC"vv9_vvuGyvvQ*vvqvv+vv?,;vvTvv_Gyvvavvzvv=vv9JGAvv+vv9@vv+?fvv̂CSvv9S
GC(GQOGya=+g+?.

1vvvvvGyg(G|{ChGy"t9WGB}Uyz"}(GyRQGf,
yvvtvvO@vv~qGSvvAvv+vvgvv9H|vvAvvavvzvv=vv9JGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?Gyvv(GSvvgvv?<vvWvvwvv{Fvv+vvOh<vv9yvvAvv9[Kvv>

fvOe!vTv+v98v9pv,Gyv=vJv(KGCgv9YvQI(Contemporary Quest)yvzvAv"v}v+v?GCTvAvOG|v?.h!vdvQG
k

E]
CGvv+vvAvv%vv9pvvTvv(a!vvQGFvvgvv%vv9pvv,$vvPgGyvvqvvtvvQI.yvvtvvOG$vvAvv~q|vvAvvMvvPhGyvvtvvQGQGJhGLvvAvvZvv9Yvv+vv(
GyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,pvvv,GBvvv}vvvTvvv+"+vvv9JhGyvvvTvvvAvvv+"+vvv9J|vvv#GyvvvtvvvQfGC9\vvv,<vvvWvvvwvvv{CSvvv9Svvv,,
<v9yv"v}v(h*v}vwv#@vzvMv+v[GyvOQhSGC"v=vDvtv?fv#Lv=vQ7v~GCPvv(QI<vMv}vTv?fv(G|v{Ch!vtv9W
CS9S+?yz"}(GyRQGf,$,:

CvvvvvG:<vvvAvvvwvvv9QChGyvvvAvvvGvvvO*vvvO(Innovation)CjLvvvzvvvuhEKvvv9O!vvvdvvv~Gyvvv=vvvJvvvEGyvvvRQGfvvv,
hG QVvvv9OjGyvvv(_vvv"vvv+vvv?Gyvvvtvvv(*vvv?(pvvv,Gyvvvtvvvavvv9fvvv_Gyvvvgvvv9ehGBvvv9U),h!vvvWvvvQ@vvvtvvv"vvv+vvv9JR*vvv9OI
G !A9F+?.

HvvvvvGy="+?GyAJA+?(Infrastructure)h<M9Y?C!d}?Gy"t{hGyaQbG@O*OI.

LvvvvvGCOLvvvv;J(Inputs)Cjh\vvvvhC!vvvvdvvvv}vvvv?@vvvv(Q*vvvvOpvvvvgqvvvv9yvvvv?yvvvvzvvvvMvvvvO|vvvv9JGyvvvvRQGfvvvv+vvvv?
h<M9Y?COL;JGCRQf?GAO*D?hGyAZ"+hGyRQGf,h|+9gGyQjhGyA}(*{.

OvvvvvGC|SvvvTvvv9JGBvvv9Yvvv?(Institutions)Gyvvvqvvvgqvvv9yvvv?hG}Svvv(GbGCAvvvJvvvQQIGyvvvAvvv,@vvvtvvvQxH
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GCRGQfvvvv_|vvvv#G}Svvvv(GbGCJvvvvz+?hGyvvvvOhy+?hGC|SvvvvTvvvv9JGyvvvvgvvvv9|vvvv?Gyvvvvqvvvvgqvvvv9yvvvv?,GyvvvvAvvvv,@vvvvtvvvvOe
yz}RGQf_GBO|9JGyA,:*}w#@z|+"%9|#s={Gyta9YGB9U.

$vvvvvvvvGAv(GpvR(Incentives)Cjh\vhSv+v9Sv9JGsvAvZv9O*v?h:v9Q*v?hSv+v9Sv9Jsvav9fv+v?
Iq
q
RIyzRQGf?hi+Q|gQsz?y"}($9.

2vvvvvGygOGy?GCJ(qQI:v+r*}w#GyA"}+?GyRQGf+?GCTAOG|?Lq^GyqtQ?

<vvOC|vvAvvMvvPhGyvvtvvQGQGJhGLvvAvvZvv9Yvv+vv(GyvvAvv"vv}vv+vv?pvv,GyvvTvv=vvgvv+"+vv9JhGyvvDvv}vv9!vv+"vv+vv9J|vv#
GyvvtvvQfGC9\vv,,<vv9yvvAvvQvvv+vvRfvv̂_vvQbGSvvAvvgvv}vv9dGyvvAvv"vv}vv+vv?Bvvqvv̂GyvvqvvtvvQh@vvz|vv_GyvvjvvPGA
hGCTvv9Gvv?pvv,fvv}vvz+?Gyvv"vv}vv(.h*vv}vvwvv#@vvzvvMvv+vv[GyvvOQhSGCTvvAvvtvv9I|vv#GBvv=vvQGJGyvvTvv9<vvtvv?
pvv,SvvB!vvtvv9Wyvvzvv"vv}vv(GyvvRQGfvv,,GyvvAvv,C_vvzvvufvvz+%vv9Gyvv=vvgvv̂zGyvvgvvOGyvv?GCJvv(qQIyh$vvPg
Gy"t9W$,:

Cvvvvv@vvgvvR*vvRGyvvtvv9fvvOIGyvv(GSvvgvv?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?.EP$vv"vv9cfvvOqI|vvtvv9*vv+vvUGsvvAvvZvv9O*vv?
yv5!vAv9LGyvRQGfv,pv,GyvOhdGyv"v9|v+v?(@vZv"v+vhh@vTv(*vuiv+vQ|vQiv(Hpv+v%v}v9).h<v9yvAv9[Kv>
Cf@vTvAv%vOa$vPgGyvAv"v}v+v?Gyvgv9Fv;JGyvRQGfv+v?hpvuG}SvUGyvqvgqv9yv?hGyvgvOGyv?G:FvAv}v9fv+v?.
hpvvv,$vvvPGGCGvvv9dKvvv>Cf;vvvAvvv{GCRGQYGyvvvZvvvjvvv+vvvQIhGCAvvv(Svvvavvv?GAvvvGvvv~G}pvvv]vvvz+?G}h],
h<vvMvv9Yvv?<vv9yvv"vvTvv=vv?E]GyvvAvv}vv(*vv{GAvvwvv(|vv,yvvzvvgvv}vvz+9JGyvvRQGfvv+vv?GCAvvgvvzvvtvv?<vv9yvv=vvJvvEhG QVvv9O
hGyAT(*uhGyA}(*{h@(p+QGCOL;JGyRQGf+?.

HvvvvvGyvvvWvvvQhYpvvv,G<vvv9PG Yvvv;Ivvv9JGCAvvvgvvvzvvvtvvv?<vvv9}QG\vvv,Ivvv+vvvDvvv}vvv9$vvv"vvv9c\vvvQhQI
yvvPyvvx,h<vvMvv9Yvv?<vvQG|vvHEfvv9OI@vv(R*vvhGCTvv9fvvOGJGyvvAvvTvv(*vvtvv+vv?GyvvAvv,svvOLvvAvv9LEy+%vv9Ivv+vvE
G}QG\,GC"AG?Yj+QIhIZ(QI\}#CQG\,GCRGQYGyw=+QIGAG~.

LvvvvvG:SvvAvvDvv}vv9Qpvv,GyvvQCSvv}vv9dGyvv=vvWvvQjvvv9yvvAvvgvvz+~GyvvQ*vvqvv,hGC+vv9gGyvv"vvdvv+vvqvv?hGyvvZvvJvv?
hGyvvAvvMvvavv+vvbGyvvgvv9Fvv\(@vv"vvdvv+vv~G}SvvQI)h<vvQG|vvHGyvvAvvjvvP*vv?,hPyvvx,6vvOa;vvTvv_E!vvAvv9Fvv+vv?
GyTw9fGyqtQGAhR*9OIpQU@Wj+z%~.

Ovvvvv\vvvv}vvvv9fCf@vvvvWvvvv}vvvv{fvvvv}vvvvz+9JG QVvvvv9OhGyvvvvAvvvvgvvvvz+~GyvvvvRQGfvvvv+vvvv?,hvvvvvPyvvvvx<vvvvQG|vvvvH
GyvvvAvvv}vvv(*vvv{hGyvvv"vvvWvvv9_vvv9JGyvvvZvvvjvvv+vvvQI,Gyvvv"vvvTvvv9A!vvvdvvvQG

k
E]OhQ$vvv#Gyvvvwvvv=vvv+vvvQGyvvvPj*vvvtvvv}vvv#<vvv&pvvv,

Gy"W9_9JGyRQGf+?GCT9fOI.

$vvvvvvvvv\vvQhQIGVvvAvvQGc=vv+vvhGCtvvQ\vv_(hy+UG}ivv"vv+vv9AhPhhGyvv"vvqvv(P),pvv,h\vvh
G}hy(*9Jy;SAD}9QGJGyg9|?GyA,|#GCA(shy%9Cf@TAq+O|#GCT9fOGJGC9y+?.

hvvvvvGyvvAvvWvvGvv+vvhGyvv"vvWvvbyvv;svvAvvZvv9OGyvvQ*vvqvv,ivv+vvQGyvvRQGfvv,vvv(!vv&|vvZvvOQG
k

|vv%vv}vv9
k
yvvzvvOLvv{
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hGyvAv(cv+vr,ChyvAvJvtv+vuGyvgv}v{h:Sv+v}v9<v9yv"vTv=v?E]GyvqvtvQGACh:
k

,hyvwv(!v&*vTvAvqv+vO|v#
svv(IGyvvOLvv{GC]vv9fvvr(Multiplier)fvv"vvO|vv9@vv"vv}vv(GyvvRQGfvv?Cvv9!vv+9

k
.h@vvgvvAvv=vvQBCvv9Q$vvPgGyvvtvv(i

Gyvvwvv9|vv"vv?GC]vv9fvvqvv?IvvOOGJsvv9!vv(!vv+?GSvvAvvDvv}vv9Q*vv?,h|vvQ@vv=vvavv?<vv9yvvAvvWvvQ*vvgvv9JG:SvvAvvDvv}vv9Q*vv?\vvO
GyWQv9JGyZj+QIGy;|RQf+?p,GygO*O|#GyOhd.

3vvvvvGyAJ(*QGJGy=+8+?GB9Y?<9yA"}+?GyRQGf+?GCTAOG|?
|vvv#Gyvvv=vvvOG$vvv?C:@vvvAvvv"vvvwvvvQG}pvvv]vvvz+?G@vvvO*vvvOIyvvvzvvv=vvv+vvv8vvv?GCTvvvAvvvOG|vvv?,GyvvvAvvv,!vvvWvvvzJpvvv,

GyvAvTvgv+"+v9J|v#GyvtvQfGC9\v,,yvzvJv9Fv?GC9Sv?E]GyvRQGfv?:SvAv}vQGQGCTv9Gv?pv,fv}vz+?
Gyv"v}v(h:v"v>GyvqvtvQhR*v9OIpvQUG}|v#GyvjvPGFv,.h@vAvavzv>GyvRQGfv?pv,$vPgGAv9yv?E!vGv9R
=v+vhGyv"vtv9WGCPvv(QI<vavQb:@vAvO$v(Q|vgv%v9ChLv;yv%v9Gyv=v+v8v?.E\v9pv?E]Gyv"vtv9WGBv}vU
G}Svv9Svv+vv?Gyvv;R|vv?yvvzvv"vv}vv(GyvvRQGfvv,,hGyvv"vvtvv9WGyvvTvvBGCAvvgvvzvvtvv?<vv9yvvAvvJvv(*vvQGJGCgvvOqyvv?,$vv"vv9c
Cvv}vv9P!vvtvv9WLvv9Yvv?<vv9yvvAvvJvv(*vvQGJGyvv=vv+vv8vv+vv?GCavvzvv(H@vv(pvv+vvQ$vv9yvvAvvJvvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTvAvOG|v?.hKv>Gyvgv}v{fv̂@v"vqv+vP$vPgGyv"vtv9WGyvDv}v9P<vWvwv{vv9|v{hGyvAvJvtvu<vqvJvZv%v9
fvv=vvQGBvv=vvQIGyvvAvv"vv}vv(*vv?,fvvzvv}vv9

k
<vvzf$vvPgGyvv"vvtvv9W(Gyvvgvv}vvz+?)|vv9RGyvvB:

o
vvQi<vvavvQbfvvO*vvOIpvv,

|QIz?Gy=JEhGyAZ}+~.$PgGy"t9W$,:

Cvvvvv|vvhEfvvavv9AG}pvv]vvz+?Gyvvwvv=vv+vvQIyvv~svv9y+~GCAvvMvvzvvqvv?pvv,GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,|vv9RGd
GyvgvO*vO|v#$vPgG}sv9y+~pvtv+vQIGC(GQO.h|vhCLvPGyv"v}v(GyvTvwv9PGyvTvQ*vhhIvOhO*v?pvQU
Gyvvvgvvv}vvv{Gyvvv;|vvvRQfvvv+vvv?<vvvgvvv_G:fvvvAvvv=vvv9Q,GfvvvAvvv=vvvQGyvvv"vvv}vvv(GyvvvRQGfvvv,Gyvvv(Svvv+vvvzvvv?ChG}OGIGCAvvv(GpvvvQI
Gyvv(Ivv+vvOIC(GFvv%vv?|vvAvvavvzvv=vv9JGAvv+vv9I,h<vvMvv9Yvv?GyvvjvvPGFvv+vv?|vv"vv%vv9yvv%vvPGGyvvAvvRG*vvOGyvvTvvwvv9PGyvvwvv=vv+vvQ
pv,GyvgvO*vO|v#GC"v9_vuGCAvMvzvqv?Lv;dGyvgvtv(OGyvtvz+zv?Gyvtv9O|v?.h*v|Oj@vRG*vOG}Lvav9AE]
G pvQGW<v9yv%vGvQIGBv9QFv+v?GyvAv,@v]v9a,pv,Gyv(svB!vqvTv&,E]GCWvwv;JGCAvQGvv}v?pv,
G}Ivv+vv9AGAvv]vvQ*vv?Gyvvqvvtvv+vvQIFvvOG

k
.vvv}vv9@vvtvv(OC*vv]vv9

k
E]pvvtvvQCSvv(Ch@vvO$vv(QCVvvOpvv,GyvvAvv;d

hGyvjv9<v9JhG}QG\v,.h@vAvavzv>fv}vz+?GyvAv"v}v+v?pv,G}sv9y+~GCAvMvzvqv?|v(GQOE\v9pv+v?yvzvAv"v}v+v?
GyvvRQGfvv+vv?*vvAvv~q@vvz|vv+"%vv9|vv#|vvZvv9OQLvv;aGC(GQOGBvv9Yvv?<vv9}svv9y+~GyvvRQGfvv+vv?GCJvv=vv=vv?Ch
G@+OIPGJG !A9F+?GCQ@qg?hGC%}?.

HvvvvvEfvav9AGCR*vO|v#G:$vAv}v9eyvzv=vJv(KGyvRQGfv+v?GCAvgvzvtv?<vWvwv{GyvAv"v}v+v?GCTvAvOG|v?
hGyvvvAvvvtvvv"vvv+vvv9JGCtvvvAvvvQIvvv?yvvv%vvv9,hGC;|vvvKGyvvvgvvvQ*vvv]vvv? OGQIGC(QOGyvvvavvv=vvv+vvvgvvv,fvvv̂|vvvTvvvAvvv(*vvv9J
G}QG\,h|QGvR:}+hG}|a9QhGCWw;JGB9Y?<9C"9_uGyqt+QIGC(QO.

Lvvvvv\vvv}vvv9fIvvvtvvv(b|vvvzvvvwvvv+vvv?GCRGQfvvv_C(GQO$vvv~G}Q\vvv+vvv?hGC9Fvvv+vvv?.h:*vvvgvvv"vvv,$vvvPG
<vvv9yvvv]vvvQhQICf@vvvAvvv]vvv}vvv#$vvvPgGAvvvtvvv(bGSvvvAvvvDvvv}vvv9QGAvvvwvvv(|vvv9Jpvvv,<vvvQG|vvvH@vvvTvvvGvvv+vvv{hCvvv9Fvvvu
G}QG\vv,Gyvvavv}vv(Ivv?.pvv,GyvvgvvO*vvO|vv#GAvv9:J(|vvDvv;

k
:|vv"vv9_vvuCpvvQ*vvtvv+vv9GyvvZvvJvvQGh*vv?)|vv9
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RGyvvvBC!vvvdvvv}vvv?GyvvvAvvvzFvvv+vvvQGCJvvvz+?Svvv9Q*vvv?Gyvvvqvvvgvvv9y+?hsvvv9OQIfvvv̂@vvv(pvvv+vvvQ|vvvAvvvavvvzvvv=vvv9JGC|FxvvvQ*vvv#
Gyvvgvv9Oyvv?,hvvvPyvvxIvvtvv(bGCTvvAvvMvvO|vv_GCAvvgvvOOI,hPyvvx<vvWvvwvv{CvvvDvvQ|vv#C!vvdvv}vv?GCzvvwvv+vv?
GB9Y?Gywz+?y~QG\,.

OvvvvvLvZvMvZv?|vzvwv+v?GC(GQOGyvgv9|v?ChGC"v9_vuiv+vQG@vPG<v?(<vTv=v>Gyvqv(GFvOGyvwv=v+vQI
Ch}S=9HF($Q*?)hpt9

k
}!d}?EOGQIGCGA}hGCJ\.

$vvvvvvvvvIvv{
q

GCWvv9vvv{GCGvvTqvvOIfvv=vvQ:h\vvhGyvv]vvQGFvv>GCQ@vvqvvgvv?fvv̂GCzvv(Cvv_hGyvvgvv9|vvz+#
fvv̂GyvvAvvO$vv(Q,GyvvAvv"vvdvv+vv~,G@vv%vv?GCqvv(\vv?yvvzvv}vv"vvdvv}vv9JGCJvvz+?,ChGyvvAvvjvv+vvQGJGC;Fvv}vv?pvv,
It(bGCzw+?.

hvvvvv;vvvTvvv_E!vvvGvvv9RGJGC|SvvvTvvv9JGyvvvgvvv9|vvv?GC;Fvvv}vvv?GyvvvAvvv,@vvvO*vvvQh@vvv"vvvdvvv~GC(GQO(|vvvDvvv{
|vO*vQ*v9JGyvQjhGyvjv9<v9J),h!vtv{fv}vz+?G<v9PGyvtvQGQGJG OGQ*v?E]|vTvAvMvO|v,GC(GQO
ChE]Hvv}vv(fvv9JGCTvvAvvMvvO|vv_Ivv+vvDvv}vv9vvv9fFvvwvv"vv9

k
.hyvvwvv#$vvPG*vvAvvavvzvv>C*vv]vv9

k
!vvtvv{h\vv}vv9f

It(bGCzw+?ChIt(bG:SAMOGe.

Rvvvvv@vvZvvJvv+vvK@vvWvv($vv9JGyvvTvvgvvQGyvvAvv,@vvTvv9fvvOfvv̂G:SvvAvvMvvOGeGCqvvQWyvvzvv}vvOLvv;J
GAvvvO*vvvDvvv?pvvv,GyvvvRQGfvvv?GCwvvvDvvvqvvv?.h$vvvPG*vvvR*vvv{GCTvvv9fvvvOGJChGAvvv(GpvvvRGCAvvvgvvvzvvvtvvv?<vvv9}Svvv}vvvOI
hGC=vvv+vvvOGJ,vvvv}vvv9LvvvtvvvuGyvvvAvvvwvvv9y+rGyvvvwvvv9|vvvzvvv?yvvvwvvv{|vvv#|vvv+vvv9gGyvvvQjhGyvvvavvv9svvv?.E:C!vvv&|vvv#
Gyv]vQhQI<v}vwv9fE<vtv9A$vPgGCTv9fvOGJhGAv(GpvRGCAvgvzvtv?<v9}Sv}vOIpv,G}sv9y+~GCAvMvzvqv?
I+EG:SAg}9dGA9[y%9|"Mq^,hLZ(<?GyAQ<?@=Oh|"Mq]?C*]9

k
.

MvvvvvE!vvWvv9AC!vvdvv}vv?;vvP*vvQyvvzvv}vv(GQOCAvv9<vvgvv?CCvvQGyvvAvvjvv+vvQGJpvv,Ivv9:JGC(GQOh@vvgvvz+~
GCRGQfvv_fvv#G6Cvv9QGyvv=vv+vv8vv+vv?h!vvWvv9_vv97vv9ChCpvvgvv9yvv%vv9,h<vvavv+vvbh>vv9*vv?GC(GsvvhPGJGyvvtvv+vv~
Gy=+8+?GB9Y?.

L9|T9

k
:!}9PL|#GyA"}+?GCTAOG|?y=g^GC"9_uGyg9C+?

1vvvvvf}(|+9J

*vvgvvAvv=vvQvvv{|vv#GyvvqvvtvvQhG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?GC"vvMvvqvv]vv?h@vvO$vv(QGC(GQOGyvvavv=vv+vvgvv+vv?,|vv#
GCWvwv;JGyvtv9Sv+v?GCAvOGLvzv?pv,G}QG\v,iv+vQGCQiv(<v?(Less Favored Areas).h@vWv}v{
$vvPgG}QG\vv,fvv9OIvvv;

k
|vv#G}QG\vv,GyvvRQGfvv+vv?PGJGyvvtvv(IG !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?GC"vvMvvqvv]vv?

(Low Agricultural Potential)<vvvTvvv=vvv>pvvvtvvvQ@vvvQ6vvv9hG!vvvMvvvqvvv9V|vvvgvvvO:JC|vvvavvv9Q$vvv9hvvvvDvvvQI
G!vvJvvOGQG7vv9,Ch<vvTvv=vv>GCJvvOOGJGyvv=vv+vv(pvv+vvR*vv9Fvv+vv?G}LvvQi;E\vv9pvv?E]G}QG\vv,PGJGyvvtvv(I
G !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?Gyvvgvv9y+?hyvvwvv"vv%vv9ivv+vvQsvv9OQIfvv̂E*vvZvv9d|vv"vvAvv(Fvv97vv9E]G}Svv(Gbyvv]vvgvvr
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<v"v+vAv%v9GyvAvJvAv+v?(Access to Infrastructure and Markets),h\v5yv?GyvwvDv9pv?GyvTvwv9!v+?hhFv(O
GCJOOGJG:sAZ9O*?vvvvvG:FA}9f+?G}LQiv}9$(|(\K<9yWw{Qs~(1vvvvv1).

GyWw{Qs~(1vvvvv1)
@Z"+rG}QG\,GCq]z?(GCQi(<?),hG}s{@q]+;

k
(i+QGCQi(<?)

|;IdA9f:(C)IOOGJGsAZ9O*?vvvvvGFA}9f+?.
(H)IOOGJ<+(p+R*9F+?.

GCZvvvvvvvvvvvvvvOQ:John Pender and Peter Hazell, «Overview (Brief 1),» in: John Pender and Peter Hazell,

eds., Promoting Sustainable Development in Less-Favored Areas, 2020 Focus; no. 4 (Washington, DC:

International Food Policy Research Institute (IFPRI), 2000).

hhpvtv9
k
yvOQGSv?IvO*vDv?yvzv}vwvAv>G:SvAvWv9QjGyvqv"v,(Technical Advisory Committee)

yvzv}vGv}v(fv?G:SvAvWv9Q*v?GyvOhy+?yvzv=vJv(KGyvRQGfv+v?(Consultative Group on International

Agricultural Research (CGIAR)),$v"v9cCvzvDv9GyvTvwv9fGyvQ*vqv+v_pv,GyvOhdGyv"v9|v+v?(1,8
|vvz+9QpvvQO@vvtvvQ*vv=vv9

k
)*vvgvv+vvWvv(fpvv,|vv"vv9_vvuCsvv{@vvqvv]vv+vv;

k
Chivv+vvQ|vvQivv(<vv?,Ivv+vvE@vvWvv}vv{$vvPg

GC"vv9_vvuGyvvRQGfvv+vv?GAvvO*vv?vvv;
k
|vv#GC"vv9_vvuGyvvjvv9<vv(*vv?hGCWvvGvvQIhGC"vv9_vvuG@vv9pvv?.h@vvAvv]vv}vv#

$vPgGC"v9_vu|vgvdv~GCTv9Iv9Jpv,G}QG\v,!vZvrG@v9pv?hG:SvAv(GFv+v?}pvQ*vtv+v9hFv"v(H
BSvvv+vvv9,hGC"vvv9_vvvuG@vvv=vvvz+?pvvv,Fvvv"vvv(HC|vvvQ*vvvwvvv9hBSvvv+vvv9,E\vvv9pvvv?E]GyvvvwvvvDvvv+vvvQ|vvv#G}QG\vvv,
GCQ@vvqvvgvv?pvv,VvvQbhhSvvbCpvvQ*vvtvv+vv9hGyvvAvv;dGC"vvJvvOQIpvv,hSvvbC|vvQ*vvwvv9hFvv"vv(HVvvQb
BSv+v9,hvvPyvxCFvRGAvv=v+vQI|v#GC"v9_vuG:SvAv(GFv+v?GyvQ_v=v?pv,CpvQ*vtv+v9hC|vQ*vwv9Gyv;@v+"v+v?.
h@vvtvvAvvQMGyvvWvv(G$vvOChGyvvO:Fvv{GCAvv(GpvvQI,Cf|vvgvvdvv~GyvvTvvwvv9fGyvvQ*vvqvv+vv_GyvvqvvtvvQGApvv,GyvvOhd
Gyv"v9|v+v?*vgv+vWv(fpv,$vPgGC"v9_vuiv+vQGCqv]vzv?Chiv+vQGCQiv(<v?.h@vtv9Sv,$vPgGC"v9_vu|v#
G !vAv9Fv+v?GyvRQGfv+v?GC"vMvqv]v?h@vO$v(QG}QG\v,,pv{!vAv9Fv+v?GAv=v(Hpv+v%v9fv}v(|v9

k
Csv{|v#
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_vv#|vvAvvQjyvvzvv%vvwvvAvv9Q,vvv}vv9EfSvv}vv9JsvvavvhGyvvjvv9<vv9JhGyvvQfvv,G@vv9FvvQh@vv5vvv{GyvvAvvQHhpvvtvvO
f"9YQ$9GyjPGF+?|"AWQIp+%9<Ww{hGSh.

h@vvtvv(dGAvvwvv}vv?GCtvv"vvgvv?pvv,GyvvOhGFvvQGyvvTvv+vv9Svv+vv?EfGSvvAvvQG@vv+Gvv+vv9JGyvvAvv"vv}vv+vv?pvv,GyvvOhd
Gyvvv"vvv9|vvv+vvv?Kvvv>Cf@vvvQvvvvRfvvv̂G:SvvvAvvvDvvv}vvv9QGJGyvvvgvvv9|vvv?pvvv,GC"vvv9_vvvuGCqvvv]vvvzvvv?pvvv+vvv%vvv9,EP*vvvgvvvAvvvtvvvO
GyvvgvvO*vvO|vv#GBvv=vvQGA<vvzf

q
fvv9FvvOGJG:SvvAvvDvv}vv9QGJSvvAvvwvv(f$vv,G}vvv=vvQpvv,GC"vv9_vvuGCqvv]vvzvv?,

ChGCQivv(<vv?,h$vvPGSvv+vvR*vvOG !vvAvv9LGyvvjvvPGFvv,hSvv+vvTvvQYGyvv"vv}vv(G:svvAvvZvv9Ojpvv+vv%vv9,h<vv9yvvAvv9[
Svv+vv]vv}vv#yvvTvvwvv98vv9G}|vv#GyvvjvvPGFvv,,h*vvTvv}vvKpvv,Gyvv(svvB!vvqvvTvv&yvvTvvwvv9fGC"vv9_vvuG}svv{
@vvqvv]vv+vv;

k
<vv9yvv%vvGvvQI|vv"vv%vv9,hMvvqvv̂GyvvqvvtvvQhGyvv]vvjvvbfvv̂GC(GQOpvv,|vvDvv{$vvPgGC"vv9_vvu.$vvPG

h*vvvvgvvvvAvvvv=vvvvQGyvvvvqvvvvtvvvvQh@vvvvO$vvvv(QGC(GQOG}Q\vvvv+vvvv?G}Svvvv(Cpvvvv,$vvvvPgGC"vvvv9_vvvvu,pvvvv,Ivvvv_@vvvv(GFvvvv&
G:SvvvAvvvDvvv}vvv9QGJpvvv,GC"vvv9_vvvuGCqvvv]vvvzvvv?@vvv"vvv9svvv[Gyvvvgvvv9FvvvOGJhR*vvv9OIGCWvvvwvvv;JG:FvvvAvvv}vvv9fvvv+vvv?
hGyvv=vv+vv8vv+vv?.vvv}vv9Ef7vvO*vvOGCGvv9fvv?VvvO*vvOIGyvvtvvTvv(Ipvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
,h*vv=vvOhCf

@O$(QGC(GQO*T9fOp,f}z+?GyA%O*O$Pg.

h<vv9yvvQivv~|vv#CfGC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

,yvv%vv9ivv9yvv=vv9
k

|vvTvv9h pvv,E!vvAvv9LGyvvgvvO*vvO|vv#
C!vv(GYGCJvv9Yvv+vv{<vv9Ctvv9Q!vv?|vvhGC"vv9_vvuGCqvv]qvvzvv?(Ivv+vvE@vvwvv(fE!vvAvv9Fvv+vvAvv%vv9Csvv{

q
|vv#E!vvAvv9Fvv+vv?

GC"vv9_vvuGCqvv]vvzvv?),E:Cf
q

yvvO9vv9fvv9OIpvv(GFvvO@vv"vv9pvvTvv+vv?pvv,<vvgvv̂C!vv(GYG !vvAvv9LGyvvRQGfvv,Ch
pvv,Gyvv"vvWvv9_vv9JGyvv;|vvRQfvv+vv?(CjEf

q
G !vvAvv9L|vvQ<vvKpvv,Lvv+vv9QGSvvAvvgvv}vv9dG}QVhfvv}vv{

GyvvTvvwvv9fpvv,$vvPgGC"vv9_vvu),h*vv}vvwvv#Cf*vvTvv}vvK@vv"vv(YChGLvvAvv;aG}h\vv9Ypvv,GC"vv9_vvu
G}svv{@vvqvv]vv+vv;

k
<vv9SvvAvvDvv}vv9QGyvvqvv(GFvvOGyvvAvv"vv9pvvTvv+vv?yvv%vvPGG:LvvAvv;apvv,G}h\vv9Y,|vvTvvAvvqvv+vvOG

k
|vv#

G:SvAvDv}v9QGJGyv]vQhQ*v?GBv9Yv?<v9yv=v"v+v?GyvAvJvAv+v?hGC|SvTv9JGC"vWvzI.h@vtvAvQMGyvWv(G$vOCh
G}Oyvv?GCAvvRG*vvOIC!qvv&*vv}vvwvv#G:SvvAvvDvv}vv9QGJpvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
Cf;vvZvvO|vvgvvO:J

ivvzvv?|vvQ@vvqvvgvv?!vvTvv=vv+vv9
k
yvvzvvgvv(GFvvOG:svvAvvZvv9O*vv?,hLvvqvv̂GyvvqvvtvvQ<vvWvvwvv{|vvzvv}vv(Spvv,<vvgvv̂

G}svvvvavvvv9Q.C|qvvvv9G}Oyvvvv?ChGyvvvvWvvvv(G$vvvvOGCAvvvv"vvvv9svvvvzvvvv?pvvvvAvvvvtvvvvAvvvvQMC*vvvv]vvvv9
k

Cf
q

E|vvvvwvvvv9!vvvv+?Lvvvvqvvvv̂GC(GQO
hGyvvAvvO$vv(QGyvv=vv+vv8vv,,*vvtvvqvv9f<vvGvv9!vv>Gyvv"vv}vv(G:svvAvvZvv9Ojh@vvtvvz+[GyvvqvvtvvQ.fvv̂vvv{Ivv9d|vv9

RGyB|D{$PgG:SAQG@+G+9JIOhOIFOG
k
.

yvvvtvvvOsvvv9e|vvvQvvvvR<vvvJvvv(KSvvv+vvv9Svvv9JGyvvvjvvvPGAGyvvvOh[(IFPRI)<vvvAvvvtvvvO*vvv~Hvvv}vvv(fvvv?|vvv#
GyvvQSvv9Fvv{GyvvAvv(Fvv+vv%vv+vv?GBvv9Yvv?<vvTvv+vv9Svv?|vvgvv9@vv?$vvPgGC(G\vv+vvh6vvOaGyvv(Yvv(dE]Gyvvtvv(I
Gyvvwvv9|vv"vv?yvvAvvJvvtvv+vvuChE!vvGvv9RGyvvAvv"vv}vv+vv?GCTvvAvvOG|vv?pvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
,vvv}vv9GsvvAvvQM

GyvAvtv"v+v9JhG:SvAvQG@v+Gv+v9JhGyvTv+v9Sv9JGyvAv,@vAvavzv=v%v9fv}vz+?;vtv+vu$vPgGyvAv"v}v+v?GCTvAvOG|v?.
h<v9yvQiv~|v#hFv(OpvGv(GJvv=v+vQIpv,|vgvQpv?G}Sv=v9HG}Sv9Sv+v?yvzv}vWv9vv{GyvAv,@v(GFv&
GC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;

k
,hG:SvvvAvvvQG@vvv+Gvvv+vvv9JGC;Fvvv}vvv?Cgvvv9@vvvAvvv%vvv9,E:Cf$vvv"vvv9c<vvvgvvv̂
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GyvOQhSGyvAv,=vgvB|v#fv}vz+9JGyvAvtv+v+v~hGyvAvMv}v_,h*v}vwv#G:SvAvqv9OI|v"v%v9,!v(QO$v9
p,|9*\(7):

Cvvvvv@vvgvvQVGC"vv9_vvuG}svv{@vvqvv]vv+vv;
k
pvvQYvv9

k
yvv;SvvAvvDvv}vv9QGJG:FvvAvv}vv9fvv+vv?GCQ<vvJvv?,pvvtvvO

<vv+q"vvBGyvvQSvv9yvv?Gyvvgvvzvv}vv+vv?GBvv9|vvTvv?fvv(GFvvO|vvQ@vvqvvgvv?Cgvvdvv~G:SvvAvvDvv}vv9QGJGyvvgvv9|vv?pvv,GC"vv9_vvu
PGJGyvvtvv(IGyvvwvv9|vv"vv?Gyvv]vvgvv+vvqvv?(Lower Potential Areas)pvv,vvv{|vv#GyvvZvv_hGyvv%vv"vvO(pvv,
<vvgvv̂GAvv9:JCfvvavvBfvv(GFvvOCfvv̂|vv#G:SvvAvvDvv}vv9QGJpvv,GC"vv9_vvuPGJGyvvtvv(IGyvvwvv9|vv"vv?
Gyvgv9y+?ChGC"v9_vuGCqv]vzv?),hpv,Hv9[Gyv"v}v(G:svAvZv9Ojh@vtvz+[GyvqvtvQ.hsvOhFvOCf

q

G:SvAvDv}v9QGJpv,Gyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?hGyvAvgvz+~h<v"v9AGyvavQbhGyvQjvv9fyv%v9@vzCv+vQ
|vvvQ<vvvKpvvv,GC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;

k
pvvv,$vvvPgG}svvvavvv9Q,hPyvvvx<vvvTvvv=vvv>GyvvvAvvvGvvv9$vvv{G@vvvRFvvv,

yqQUG:SAD}9Qp+%9.

Hvvvvv*vvAvv(svvr!vvGvv9MLvv+vv9QG:SvvAvvDvv}vv9Qpvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

fvv̂G:LvvAvv;pvv9J
pv,Gyvqv(GFvOGyv"vTv=v+v?fv=vQ@v"v(Y$vPgGC"v9_vu,pvgv"vOCLvP@v=v9*v#G}h\v9Ypv,GC"v9_vuG}sv{
@vvqvv]vv+vv;

k
,:*vvTvvAvvavv+vvhCIvvOh\vvhGSvvAvvQG@vv+Gvv+vv?hGIvvOI!vv9FvvJvv?pvv,vvv{|vvwvv9f.hpvv,Gyvv(Gsvvh

$vv"vv9cCvv;Cvv?fvv(G|vv{Lvv9Yvv?h|vv%vv}vv?@vvtvvQQGyvvqvv9FvvOIGyvvAvv"vv9pvvTvv+vv?,h$vv,Gyvvtvv(IGyvvwvv9|vv"vv?GyvvRQGfvv+vv?
(Agricultural Potential);Gyvv(Yvv(dE]G}Svv(GbhGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?,hGyvvwvvDvv9pvv?GyvvTvvwvv9!vv+?

(Population Density).GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k
svvO*vvwvv(fpvv+vv%vv9svv(Ivvv9|vv"vv?RQGfvv+vv?fvv9y+?

hyvvvwvvv"vvv%vvv9pvvvtvvv+vvvQIpvvv,Gyvvv(Yvvv(dE]G}Svvv(Gb,vvvv}vvv9$vvv(GAvvv9dpvvv,GC"vvv9_vvvuGCQ@vvvqvvvgvvv?VvvvQb
CpvvQ*vvtvv+vv9hG}QG\vv,Gyvv"vvGvvO*vv?(Upland)pvv,Fvv"vv(HhVvvQbBSvv+vv9PGJGyvvtvv+vv}vv?Gyvvgvv9y+?pvv,
RQGfvvv?GCJvvv9Yvvv+vvv{GyvvvOGFvvv}vvv?hivvv+vvvQGyvvv%vvv9yvvvwvvv?(Non Perishable),|vvvDvvv{Gyvvv=vvv#hGyvvvwvvv9vvvv9hCh
Gyv"vMv+v{GyvPj*vTvAvMvQL|v"v&GyvR*vB,hGyvAv,@vAv}vAvh<vTv}v?Gyvqv9FvOIGyvAv"v9pvTv+v?.<v9yv"vTv=v?E]
GC"vv9_vvuPGJGyvvtvv(IG !vvAvv9Fvv+vv?GC"vvMvvqvv]vv?(yvvzvv}vvJvv9Yvv+vv{),|vv#GCJvvAvv}vv{Cf*vvwvv(fyvv%vv9
pvv9FvvOI@vv"vv9pvvTvv+vv?pvv,G !vvAvv9LGAvv+vv(GPGyvv(GSvvh,h<vvMvv9Yvv?EPGvvv9f$vvPGG !vvAvv9LGAvv+vv(GP
<vgv+vOG

k
fv#G}Sv(Gbh:@v(FvOvvDv9pv?Svwv9!v+?vv}v9$v(GAv9dpv,G}QG\v,!vZvrG@v9pv?

pv,ivQHCpvQ*vtv+v9hpv,|v"vavtv?CyvAv+v=v;!v((Altiplano)Fv"v(HG}!vO*vR.pv,GC"v9_vuGC"vgvRyv?
hIvv+vvEGyvvwvvDvv9pvv9JGyvvTvvwvv9!vv+?GCQ@vvqvvgvv?,*vvgvvAvv=vvQG !vvAvv9LGAvv+vv(GPGCMvvAvvzvvb|vvhGCJvv9Yvv+vv{

(Mixed Crop-Livestock Production)CvvvvvDvvvvQCGvvvv+vvvv?,hIvvvvAvvvv)EPGvvvvv9!vvvvBGyvvvvtvvvv(IG !vvvvAvvvv9Fvvvv+vvvv?
yvvzvv}vvJvv9Yvv+vv{|vv"vvMvvqvv]vv?vvv}vv9$vv(GAvv9dpvv,CFvvRGA|vv#GCQ@vvqvvgvv9Jpvv,GyvvWvvQbG}pvvQ*vvtvv,.C|qvv9

(7)John Pender and Peter Hazell, «Overview (Brief 1),» in: John Pender and Peter Hazell, eds.,

Promoting Sustainable Development in Less-Favored Areas, 2020 Focus; no. 4 (Washington, DC:

International Food Policy Research Institute (IFPRI), 2000).
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GC"vvv9_vvvuPGJGyvvvtvvv(IGyvvvwvvv9|vvv"vvv?GC"vvvMvvvqvvv]vvv?pvvv,E!vvvAvvv9LGCJvvv9Yvvv+vvv{,hyvvvwvvv"vvv%vvv9Svvv%vvvzvvv?hFvvv+vvvOI
Gyv(Yv(dE]G}Sv(Gb,vv}v9$v(GAv9dpv,GC"v9_vuGyv%v"vO*v?GAv]vQ*v?G@v}v+vzv?(Periurban)

Gyvv"vvZvvrG@vv9pvv?h<vvtvv+vv?GC"vv9_vvu\vvgvv+vvqvv?Gyvvtvv(IG !vvAvv9Fvv+vv?pvv+vv%vv9,|vv#GCJvvAvv}vv{Cf*vvwvv(fyvv%vv9
svvvOQIChpvvv9FvvvOI@vvv"vvv9pvvvTvvv+vvv?pvvv,Gyvvvjvvv9<vvv9Jhpvvv,G !vvvAvvv9LGAvvv+vvv(GPGyvvvwvvvDvvv+vvvrhpvvv,Gyvvv"vvvWvvv9_vvv9J
Gyv;|vRQfv+v?.h*v}vwv#Cf@vZv=vKGSvAvQG@v+Gv+v9JGyvAv"v}v+v?CvvDvQ!vGv9Iv9

k
,EPGEvwv#Gyv%v"v(O|v#

GyA}+Rh<"9A|D{$PgGyq(GFOGyA"9pT+?.

LvvvvvKvv>Cf@vvzLvvPGSvvAvvQG@vv+Gvv+vv9JGyvvAvv"vv}vv+vv?h!vvWvvQGyvvAvvtvv"vv+vv9Jpvv,IvvTvv=vv98vv9GyvvTvv}vv9J
GBvvvv9Yvvvv?h_vvvvzvvvv=vvvv9JGC"vvvv9_vvvvuG}svvvv{@vvvvqvvvv]vvvv+vvvv;

k
,pvvvv(Fvvvv(OOQFvvvv?fvvvv9y+?|vvvv#@vvvv"vvvv(YGAvvvv9:J

Gyv=v+v(pv+vR*v9Fv+v?hG:svAvZv9O*v?vvvvvG:FvAv}v9fv+v?,*vgvAv=vQCIvOGyvAvJvO*v9JGyvQFv+vTv?.vv}v9*v}vwv#Cf
@vvvvWvvvv}vvvv{GyvvvvAvvvvJvvvvO*vvvv9JG}LvvvvQisvvvv9<vvvvz+?G@vvvvqvvvv9a,G6pvvvv9J,G}|vvvvQGV,OQFvvvv9JGAvvvvQGQI
GyvvvWvvvO*vvvOIhGCMvvv9_vvvQG}LvvvQi|vvvDvvv{:G}QG\vvv,ChGC(GQOGyvvv%vvvWvvv?G}LvvvQiGC"vvvgvvvRyvvv?fvvv#
G}Sv(GbhGBvO|v9Jh@v(Fv%v9JGCRGQfv_yvzv=vtv9Apv,$vPgGC"v9_vu.yvPyvxKv>Cf@vwv(f
G:SvvvAvvvQG@vvv+Gvvv+vvv9JGyvvvAvvvtvvv"vvv+vvv?|vvv(\vvv(fvvv?<vvv9CWvvv9Qvvvv?|vvvhGCRGQfvvv_,ChSvvvwvvv9f$vvvPgGC"vvv9_vvvu
h|vvWvvAvvtvv?|vv#Qivv=vv97vv~Ch:

k
,hIvvqvvRqI <vvOGfvv97vv~h<vv9!vv+?pvv(svv%vv9h|vvAvv=vv"vv+vv?G}h\vv9YGCJvvz+?

Cvvv9!vvv+9
k
.h*vvv}vvvwvvv#Cf@vvvwvvv(fGyvvvAvvvtvvv"vvv+vvv9JGyvvvgvvv9|vvvzvvv?fvvv̂Lvvvqvvv̂G}Lvvvavvv9Q(|vvvDvvv{R*vvv9OIGIvvvAvvv}vvv9d

G@vvvvvqvvvvv9a,G6pvvvvv9J,GyvvvvvZvvvvvtvvvvv+vvvvvh)hIvvvvvqvvvvveh;vvvvvTvvvvv_GC(GQO,CvvvvvvDvvvvvQpvvvvv9fvvvvvz+?|vvvvv#@vvvvvzvvvvvx
G:SvvAvvQG@vv+Gvv+vv9JGyvv(GfvvOI<vvAvvgvvR*vvRCh;vvtvv+vvuGyvvjvv;dGyvvgvv9y+?<vvTvv%vv(yvv?<vv9yvvQ<vvb|vvhGCTvvAvv(*vv9J
Gyg9y+?yz}OL;J.

Ovvvvv$vvv"vvv9cIvvv9Fvvv?\vvvQhQ*vvv?yvvvzvvvAvvvtvvv"vvv+vvv9JGCQ<vvvJvvv?hGyvvvOGFvvv}vvv?6vvvOaIvvvqvvveh;vvvtvvv+vvvu
G:SvAvMvOGeGyvqvgqv9dyvzv}v+v9gGyv"v9OQI,h|vQGsv=v?@vgvQ*v?GyvAvQ<v?hEfv9OI<vR*v#LvZv(<vAv%v9hR*v9OI
fvQVGyvwvAvzv?GAv+v(*v?GCqv+vOI.h@vAv}vDv{|vDv{$vPgGyvAvtv"v+v9Jiv9yv=v9

k
<vwv{|v#Gyvgv}v{h@vwvDv+vr

GSvvvAvvvgvvv}vvv9dG}QV(|vvvDvvv{<vvv"vvv9A<vvv"vvv9AGyvvvAvvvQGSvvv9JvvvvGCZvvv9_vvv>)GyvvvAvvv,*vvv}vvvwvvv#Cf@vvvwvvv(fivvv+vvvQ
|vvvTvvvAvvvJvvv=vvv?<vvv9yvvv"vvvTvvv=vvv?E]GCRGQfvvv_!vvvdvvvQG

k
E]GQ@vvvqvvv9Y@vvvwvvv9y+rGyvvvgvvv}vvv{6vvv9hyvvv"vvvOQIG}QG\vvv,

CIvvv+vvv9!vvv9
k
.Ef
q

@vvvtvvv"vvv+vvv9JGyvvvgvvv}vvv{h@vvv(pvvv+vvvQG}QV(|vvvDvvv{;vvvTvvv_G}QG\vvv,Gyvvv=vvv(QLvvv;dpvvvZvvv{
GyvvWvvAvv9AGyvvtvvZvv+vvQGC9_vvQ,Ch;vvTvv_RQGfvv?Gyvvjvv9<vv9Jfvv̂\vvqvv9aGCRGQY)*vv}vvwvv#Cf@vvQpvvh
|v#svOQG7v9G !vAv9Fv+v?.pv,GC"v9_vu\vgv+vqv?|vgvO:JG}|vav9QPGJGyvwvAvzv?GAv+v(*v?Gyv"v9OQI
hGyvvavvzvv=vv9JGCQ@vvqvvgvv?fvv̂G:SvvAvvgvv}vv9:JGCMvvAvvzvvqvv?(yvv~fvv;ahGyvvavv9svv?|vvDvv;

k
)ivv9yvv=vv9

k
|vv9;vvO

|vvvv#svvvvOQIGyvvvvgvvvvO*vvvvO|vvvv#Hvvvv9:JGyvvvvAvvvvTvvvv}vvvv+vvvvOGyvvvvgvvvv]vvvv(jpvvvv,EOGQIG}QV.pvvvv,|vvvvDvvvv{$vvvvPg
GAvv9:JKvv>Efvvavv9A@vvtvv"vv+vv9JhSvv+vv9Svv9JIvvqvveGC+vv9ghR*vv9OIQ<vvJvv+vv?G !vvAvv9L:SvvAvvMvvOGe
GywAz?GA+(*?(|D{:@gR*RGyj9<?)G}p]z+?G}h].

$vvvvvvvv*v}vwv#Cf@vZv=vKG:SvAvQG@v+Gv+v9JGBv9Yv?<v9C"v9_vuG}sv{@vqv]v+v;
k
CvvDvQpvgqv9y+?,
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EPGQ<vvavvB|vvhLvvavv(WCh|vvTvv9QGJGyvvAvv"vv}vv+vv?PGJGyvvqvv9FvvOIGyvvAvv"vv9pvvTvv+vv?pvv,<vvgvv̂GAvv9:J
GBvv9Yvv?.vvvPyvvx|vv#GCJvvAvv}vv{CWvv9Q*vvhGyvvQjGyvvAvv"vv}vv(*vv?GyvvZvvjvv+vvQICf@vvgvvavv,ivv;:

k
hfvv(GFvvO

|vvQ@vvqvvgvv?pvv,GC"vv9_vvuPGJG}Svv(GbG@vv+vvOIhSvv%vvzvv?Gyvv(Yvv(dEy+%vv9.EPEf
q

Ivv9:JG}QV
GC;Fv}v?@vTvAvav+vhEfvav9Asv+v}v?|vQ@vqvgv? !vAv9LGCJvZv(d,hpv,Gyv(svB!vqvTv&@vwvDvrE!vAv9L
GyvvjvvPGA|vv"vv&.|vv#GCJvvAvv}vv{C*vv]vv9

k
Cf@vv|Ojfvv}vvz+?<vv"vv9Ah@vv"vv}vv+vv?GyvvavvQsvv9JE]QpvvhhR*vv9OI

Gyvvgvv(GFvvOpvv,GC"vv9_vvuGyvvwvvDvv+vvqvv?GyvvTvvwvv9fhPGJGyvvtvvOQIG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?Gyvvgvv9y+?,hGyvvtvvOQI
GyvvAvvTvv(*vvtvv+vv?Gyvv]vvgvv+vvqvv?(Yvvgvv=vv?Gyvv(Yvv(dE]G}Svv(Gb),hPyvvx<vvAvvTvv(*vvuGC"vvAvvGvv9Jfvv9y+?
Gyt+}?hGCTAzR|9JG !A9F+?GB9Y?69.

Ef
q

;vTv_GC|SvTv9JG OGQ*v?GCQ@v=vav?<v}vzvwv+v?GC(GQOGyvgv9|v?,|vDv{CQG\v,GyvQfv,
Gyvgv9|v?hG}QG\v,Gyvjv9<v(*v?,@vgvAv=vQfv}vz+?IvTv9Sv?pv,GyvgvO*vO|v#GC"v9_vuG}sv{@vqv]v+v;

k
,

h<vvvMvvv9Yvvv?pvvv,GC"vvv9_vvvuChG}QG\vvv,PGJGyvvvtvvvOQIG !vvvAvvv9Fvvv+vvv?GC"vvvMvvvqvvv]vvv?hPGJGyvvvqvvvQU
GC"vvMvvqvv]vv?ChGCJvvOhOIyvvR*vv9OIE!vvAvv9Fvv+vv?GCJvvZvv(d.vvvPyvvx$vv"vv9cCGvv+vv?yvv;SvvAvvDvv}vv9QGJpvv,
GyvvAvvgvvz+~hGyvvAvvOQ*vv>,h<vvMvv9Yvv?pvv,GC"vv9_vvuPGJGyvvtvvOQIG !vvAvv9Fvv+vv?GC"vvMvvqvv]vv?h\vvgvv+vvqvv?
Gyvv(Yvv(dE]GyvvTvv(b,Ivv+vvE@vvgvvAvv=vvQGyvv%vvGvvQIfvv"vvZvvQG

k
|vv%vv}vv9

k
pvv,GSvvAvvQG@vv+Gvv+vv?GAvv+vv9IGyvvgvv9|vv?

GCTvvAvvtvv=vvz+?yvvzvvTvvwvv9f.$vvPGh:@ovvAqvv=vvhfvv9OIGSvvAvvQG@vv+Gvv+vv?|vv"vvqvvQOIChhGIvvOIpvv,$vvPgG}QG\vv,
G}s{@q]+;

k
.

fvv̂vvv{Ivv9d@vvAvvavvzvv>G:SvvAvvQG@vv+Gvv+vv9JGyvvqvvgqvv9yvv?GSvvAvvDvv}vv9QGJpvv,G@vv(G!vv>Gyvvqvv+vvR*vv9Fvv+vv?
hGyvv=vvWvvQ*vv?hGyvvavv=vv+vvgvv+vv?,ChGyvvQCSvv}vv9dG:FvvAvv}vv9fvv,.h*vvgvvAvv=vvQ|vvqvvAvv9MPyvvx;vvO*vvOG@vv%vv9J
GCgvv"vv+vv?GC"vv9Spvv=vv?hGC"vvqvvPIyvv%vvPgG:SvvAvvDvv}vv9QGJGyvvgvv9|vv?ChGBvv9Yvv?yvvzvvJvv9:JGCMvvAvvzvvqvv?pvv,
GC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;

k
.h*vvvAvvvavvvzvvv>@vvv"vvvqvvv+vvvPh;vvvtvvv+vvvu$vvvPGGyvvv%vvvOaCvvvvDvvvQ|vvv#GyvvvAvvvtvvv"vvv+vvv9J

hG:SvvAvvQG@vv+Gvv+vv9JGyvv=vvTvv+vvavv?,Ivv+vvE*vvAvvavvzvv>Pyvvx|vv|SvvTvv9Jpvvgvv9yvv?h|vvTvv|hyvv? OGQI|vvDvv{
$vvPgG:SvvAvvDvv}vv9QGJ,<vvJvv+vvE*vvwvv(f|vv]vv}vv(!vv&Ivv9Svv=vv+vv9

k
,hpvvgqvv9:

k
EOGQ*vv9

k
,h|vv(Rfvv9

k
yvv~Q<vv9M

<vvvWvvvwvvv{fvvv9Od.hyvvvtvvvOIvvvOK@vvvtvvvOepvvv,$vvvPGG::vvv9g!vvvAvvv+vvvGvvv?G::vvv9$vvv9JGAvvvO*vvvDvvv?GBvvv9Yvvv?
<vvAvvavv(*vvQGyvv;|vvQvvvR*vv?h;vvTvv_G OGQIGAvvwvv(|vv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?,h|vvhPyvvx<vvtvv,$vv"vv9c
;O*9Jv=+QIQi~;O*OG:SAQG@+G+9JGCQ<J?.

2vvvvvGyAt"+9JGB9Y?<}Q@qg9JF"(HVQbBS+9
@vvvtvvvOQ|vvvTvvv9Ivvv?GCQ@vvvqvvvgvvv9JGC(Fvvv(OIpvvv,Fvvv"vvv(HVvvvQbBSvvv+vvv9<vvvvvv50|vvvz+(f$vvvwvvvAvvv9Q

*vvAvvgvv9*vvX|vvgvv%vv9|vv=vv9VvvQIsvvQG<vv?100|vvz+(fpvvQO,*vvRQfvv(fG}QRvvvjvvPGAQFvv+vvUpvv,$vvPg
GCQ@vqvgv9J.hpv,Gyv(Gsvh*vAv(svrG}|v#GyvjvPGFv,pv+v%v9fv̂E!vAv9Fv%v9.h@vtvOQ|vTv9Iv?IvZv(d
G}QRGyvvvwvvvz+?pvvv,$vvvPgGCQ@vvvqvvvgvvv9J<vvvzQ<vvvgvvv?|vvv;*vvv_$vvvwvvvAvvv9Q.h*vvvWvvv}vvv{$vvvPGG svvvz+~Ohd
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vv}v=v(O*v9,:hhS,|v9*v"v}v9Q,Gyvqv+vz+=v_,@v9*v;!vOhpv+v+vAv"v9e.h@vAv=v9*v#GyvwvDv9pv?GyvTvwv9!v+?pv,
$vvPgGyvvOhd<vv+#20pvvQOG

k
/vvv~2pvv,:hS,h225pvvQOG

k
/vvv~2pvv,Gyvvqvv+vvz+=vv_(8).h@vvAvvjvv+vvQ

Sv}v9J$vPgGCQ@vqvgv9J<vAvjv+vQGC"v9N|v#GC"v9_vuGyvQ_v=v?E]G}QG\v,!vZvrGyvQ_v=v?,vv}v9
@vvAvv=vv9*vv#LvvZvv(<vv?GyvvAvvQH|vv#GBvvZvv(<vv?Gyvvgvv9y+?FvvOG

k
E]\vvgvv+vvqvv?GBvvZvv(<vv?.vvv}vv9@vvWvv}vv{$vvPg

GCQ@vvqvvgvv9J|vvTvv9Ivv9J|vv"vv=vvTvvavv?h|vvTvv9Ivv9J|vv"vvJvvOQI<vvWvvOI.C|qvv9GyvvRQGfvv?pvv+vv%vv9pvvAvvtvvh<vv+#
GCJvv9Yvv+vv{GyvvOGFvv}vv?hGyvvRQGfvv9JGCAvvjvv+vvQI.h*vvAvv=vv9*vv#!vv}vv(GCJvv9Yvv+vv{pvv,$vvPgGCQ@vvqvvgvv9Jhpvvtvv9

k

yz=+89JGC(F(OIp+%9.

h<vvv9yvvvQivvv~|vvv#$vvvPGGyvvvAvvv"vvv(Y,pvvv{f
q

GyvvvWvvvwvvv{Gyvvvgvvv9eyvvv"vvvdvvv9eG}QG\vvv,GCQ@vvvqvvvgvvv?*vvvAvvv}vvvDvvv{
<v9CRGQfv_GyvqvtvQGAFvOG

k
GyvP*v#*v"vAvGv(fGCJv9Yv+v{GyvjvPGFv+v?<vWvwv{CSv9Sv,yvzv=vtv9Afv̂sv+vO

GAvv+vv9I|vvTvvAvvMvvO|vv_<vvPyvvx|vvOLvv;JIvvOhOILvv;aGyvvgvv}vv{.h@vvAvvTvv~GCTvv9Ivv9JGCQ@vvqvvgvv?
ivv9yvv=vv9

k
<vv9:!vvgvvRGd|vvhYvvgvv(<vv?Gyvv(Yvv(dE]}Svv(Gb,vvv}vv9*vvtvv+vv~pvv,$vvPgG}QG\vv,Csvvz+9J

hEC"+?PhhGyqg9y+?G:FA}9f+?hGyT+9S+?GCgOh|?.

E\vv9pvv?E]Pyvvx@vvgvv9P$vvPgG}QG\vv,GCQ@vvqvvgvv?|vvWvv9vvv{@vvO$vv(QfvvOO|vv#GC(GQO|vvDvv{
G!vGvQGaGyvAvQHh@vO$v(QGyvjv9<v9J.|v#Fv%v?CLvQiiv9yv=v9

k
|v9@vwv(fIvtv(b|vzvwv+v?G}QV

hGC(GQOGyvvvjvvv9<vvv(*vvv?\vvvgvvv+vvvqvvv?GyvvvAvvvgvvvQ*vvvrhGyvvv(\vvv(M,pvvvqvvv,<vvvgvvv̂GAvvv9:J@vvvAvvv5vvvv{Ivvvtvvv(b
G}QVpvvv,<vvvgvvv̂G}!vvvdvvv}vvv?GCJvvvz+?<vvvTvvv=vvv>@vvvOLvvv;JGyvvvtvvvavvv9YGyvvvgvvv9ehGyvvv%vvvGvvvQIGCwvvvDvvvqvvv?
hGCgvvvO:JGyvvvgvvv9y+?yvvv"vvv}vvv(GyvvvTvvvwvvv9fGyvvvavvv=vvv+vvvgvvv+vvv?.Ef

q
\vvvjvvvbGyvvvTvvvwvvv9fhG!vvvMvvvqvvv9VG !vvvAvvv9Fvvv+vvv?

GyvvRQGfvv+vv?,h@vvO$vv(QGC(GQOpvv,G}QG\vv,GCQ@vvqvvgvv?@vv"vv(HhVvvQbBSvv+vv9,@vvWvvwvv{;vvO*vv9J
Ivvtvv+vvtvv+vv?yvvAvvZvv}vv+vv~GSvvAvvQG@vv+Gvv+vv9JGyvvAvv"vv}vv+vv?GyvvAvv,*vv}vvwvv"vv%vv9:vv"vv>GyvvqvvtvvQpvv,!vv}vvbChCSvvzvv(H
G:SAOG|?.

EfC*vv?GSvvAvvQG@vv+Gvv+vv?@vv(\vvhyvvAvvGvv"vv>GyvvqvvtvvQpvv,<vv+8vv9JG}QG\vv,GCQ@vvqvvgvv?Kvv>Cf;vvq
q
vvR

!vvv}vvv(G !vvvAvvv9Fvvv+vvv?GyvvvRQGfvvv+vvv?hR*vvv9OIGyvvvOLvvv(dhYvvv+vvv9!vvv?GC(GQO.h|vvv#GCgvvvQhaCf
q

G !vvvAvvv9Fvvv+vvv?
GyvvRQGfvv+vv?GAvv9y+?\vvgvv+vvqvv?,pvv}vvDvv;

k
:@vvR*vvOE!vvAvv9Fvv+vv?IvvZvv(dG}QR,vvvjvvPGACSvv9Svv,|vv%vv~pvv,

$vPgGCQ@vqvgv9JG6Sv+v(*v?,fv#1,1_v#|vAvQj/$vwvAv9Q<v9Ctv9Q!v?|vh4,9_v#|vAvQj/$vwvAv9Q
pvvv,G}QG\vvv,GCQh*vvv?(9).Ef

q
Gyvvv"vvvdvvv9eGyvvvAvvvtvvvz+OjGCTvvv}vvv)IvvvQbvvvvvFvvvQMvvvvv(Slash-and Burn)

Gyvvtvv9Fvv~fvv̂pvvAvvQGJEQGIvv?G}QVCh@vv=vv(*vvQ$vv9Lvv;dGyvvTvv"vv_Gyvvvvv20GC9\vv+vv?,svvOGSvvAvv=vvOd
<v"vdv9eGyvAv=v(*vQGyvtvZv+vQGCOi(pv,<vgv̂GAv9:JCsv{|v#Sv"vAv_),hPyvx<vTv=v>Gyv]vjvb
GyvvTvvwvv9PGCAvvRG*vvO.yvvtvvOhFvvOJIvv9Fvv?yvvzvvAvvOLvv;JGyvvAvvtvv"vv+vv?hGC|SvvTvv9@vv+?yvvAvvJvvTvv_Gyvvjvv;d

(8)Sushil Pandey, «Technologies for the Southeast Asian Uplands (Brief 4),» in: Ibid.

(9)GFVJQ&lP-.
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Cgvvdvv~GCJvv9Yvv+vv{6vvOaR*vv9OIE!vvAvv9LGyvvjvvPGAGyvvwvv\|vvh|vvTvvAvv(iGyvvOLvv{GC"vvMvvqvv̂GAvv9[
yvvvzvvvTvvvwvvv9fpvvv,$vvvPgGC"vvv9_vvvuGyvvvPj:*vvvR*vvvOfvvv#78Oh:QG

k
yvvvzvvvqvvvQOpvvv,GyvvvTvvv"vvv?pvvv,Vvvv}vvv9d

pvv+vv+vvAvv"vv9e.*vvAvvavvzvv>G}|vvQ@vv(GpvvQG}|vv#GyvvjvvPGFvv,h:vv"vv>GyvvqvvtvvQ,h<vv9yvvAvv9[*vvAvvavvzvv>EKvv9O|vv(GQO
E\vv9pvv+vv?yvvzvvOLvv{h<vvMvv9Yvv?pvv,GC"vv9_vvuGyvvAvv,;vvOGCJvvOOGJGyvv=vv+vv8vv+vv?|vv#pvvQUR*vv9OIE!vvAvv9L
GyvjvPGA.CLv+vQG

k
Kv>Cf@vgv}v{Gyv"vWv9_v9JGyvAv"v}v(*v?GCMvAvzvqv?pv,Gyv=v+v8v9JGyv%vWv?|v#GC"v9_vu

GCQ@vqvgv?fv̂IvqveGC(QO<vJv+vEEvwv#|v#GSvAv}vQGQGyv"v}v(fv̂GCOiGyvav(*v{(10).pv,|v9
*\!gQV!}9PL|#$PgGyAt"+9J:

CvvvvvQ|(RC!d}?G}QRp,GCQ@qg9J

*vv}vvwvv#Cf@vv"vvWvvzC!vvdvv}vv?G}QRpvv,G}QG\vv,GCQ@vvqvvgvv?@vv"vv(HhFvv"vv(HVvvQbBSvv+vv9
hpvvtvv9

k
yvvzvvwvvDvv9pvv?GyvvTvvwvv9!vv+?hOQFvv?Gyvv(Yvv(dChG:svvAvvQGH|vv#G}Svv(Gbvvv}vv9$vv(|vv=vv_pvv,

GyvWvwv{Qsv~(1vvvvv2).pv,$vPGGyvAvQ|v+vRGyv(Gsvgv,*vOpvhGyv]vjvbGyvTvwv9PG}!vdv}v?GyvRQGfv+v?
yvAvZv=vKCvvDvQ@vwvDv+vqv9

k
h<vtv9A.vv}v9;vQcfv}vz+?Gyv(Yv(dE]G}Sv(GbG}!vdv}v?:v9gG !vAv9L

GyvAvGv9Qjyvzv}vJv9Yv+v{iv+vQG}QR.pv,GC"v9_vuPGJGyv]vjvbGyvTvwv9PGC"vMvqv̂hIvOhO*v?
Gyvv(Yvv(dE]G}Svv(Gb*vvAvvJvv(d!vvdvv9eGyvvRQGfvv?GyvvAvvtvvz+OjE]!vvdvv9e@vv=vv(*vvQj_vv=vv+vvgvv,_vv(*vv{
GCOi,E:Cf$vPgGCTv9Iv9J@vAv"v9sv[<vTv=v>Gyv]vjvbGyvTvwv9PhQOhOG}pvgv9dGyvTv+v9Sv+v?
\vvOGyvvRQGfvv?ivv+vvQGCTvvAvvOG|vv?(GAvvQbhGyvvAvv=vv(*vvQ)(Slash-and-Burn Cropping).Ef

q
C!vvdvv}vv?

G}QRG}Svvvv9Svvvv+vvvv?GCAvvvvwvvvv9|vvvvzvvvv?(Integrated Rice-Based Systems),Ivvvv+vvvvE*vvvvRQYG}QRpvvvv,
OhQGJRQGfvv+vv?|vvh|vvOi|vv#GCJvv9Yvv+vv{pvv,GAvvtvv(dGyvvOGFvv}vv?,h$vv,|vv(Fvv(OI(G}!vvdvv}vv?)
;vvB\vvjvvbSvvwvv9P|vvQ@vvqvvhhhYvv(dIvvOhOE]G}Svv(Gb,h$vv,G}!vvdvv}vv?GyvvTvv9FvvOIpvv,
BSvv+vv9.C|qvv9pvv,G}QG\vv,Svv%vvzvv?Gyvv(Yvv(dyvv~Svv(Gb,pvvAvvAvv(GpvvQGyvvqvvQUyvvzvvAvv"vv}vv+vv?GC=vv"vv+vv?fvv̂
GCJvv9Yvv+vv{Gyvv"vvtvvO*vv?<vv9yvvQivv~|vv#<vvtvv9AG !vvAvv9LGyvvjvvPGFvv,|vvwvv(!vv9

k
|vv%vv}vv9

k
|vv#G}!vvdvv}vv?GyvvRQGfvv+vv?.

h@vvTvv(OG}!vvdvv}vv?GyvvDvv;Cvv?G}hdhGyvvDvv9PhGyvvQG<vvh(I, II, and IV)pvv,Fvv"vv(HVvvQbBSvv+vv9;
<v+"v}v9*v(FvOGyv"vdv9eGyvDv9yvE(III)iv9yv=v9

k
pv,Fv"v(HBSv+v9.pv,vv;Gyv"vdv9|v_(I)h(III)*v}vwv#

yvvvAvvvJvvvTvvv_E!vvvAvvv9Fvvv+vvv?G}QRpvvv,GCQ@vvvqvvvgvvv9J<vvvOAG
k

|vvv#|vvv(GFvvv%vvv?|vvvWvvvwvvvzvvv?GyvvvqvvvtvvvQ.<vvvMvvvZvvv(U
Gyvvv"vvv}vvv9PLG}LvvvQi|vvv#G}!vvvdvvv}vvv?<vvv9CQ@vvvqvvvgvvv9J,|vvv#GCJvvvAvvv}vvv{CRGQYGCJvvv9Yvvv+vvv{<vvvgvvv9|vvv?,
hGCJvv9Yvv+vv{Gyvv"vvtvvO*vv?<vvMvv9Yvv?,Cf@vvWvvwvv{GCwvv(!vv9JGyvvTvv9FvvOIyvv~!vvdvv}vv?GyvvRQGfvv+vv?h|vvhPyvvx
*=t)G}QRIZ(:

k
|%}9

k
yAJt+uG}|#GyjPGF,(11).

(10)GFVJQ&lP-.
(11)GFVJQ&lP-.
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GyWw{Qs~(1vvvvv2)
Q|(RC!d}?G}QRp,GCQ@qg9J

GCZvvvvvvvvvvvvvvvOQ:Sushil Pandey, «Technologies for the Southeast Asian Uplands (Brief 4),» in: John

Pender and Peter Hazell, eds., Promoting Sustainable Development in Less-Favored Areas, 2020 Focus;

no. 4 (Washington, DC: International Food Policy Research Institute (IFPRI), 2000).

HvvvvvGyqQUGyAt"+?

@vvAvv}vvDvv{GCJvvOOGJGyvv=vv+vv(pvv+vvR*vv9Fvv+vv?yvv"vv}vv(ivv;dG}QRpvv,GCQ@vvqvvgvv9JG@vv"vv(<vv+?GyvvWvvQsvv+vv?
6Svv+vv9<vv9@vvqvv9ahG}fvvWvv9HhG}|vvQGVGyvvqvvavvQ*vv?hGyvv"vv+vv}vv9@vv(OG(Nematoda)hGyvvAvvQHivv+vvQ
GBvvZvv=vv?Ivv+vvEpvv+vv%vv9!vvtvv[pvv,Gyvvqvv(Svvqvv(QhR*vv9OIpvv,GAvv}vv(\vv?.vvvPyvvx*vvgvvAvv=vvQG!vvGvvQGa
h@v5vv{GyvAvQH|v#GCWv9vv{G}Sv9Sv+v?hGC%v}v?h<vMv9Yv?pv,GCQ@vqvgv9JGC"vJvOQI,pv,Iv_
@vvv|CvvvQfvvv}vvvz+?;vvvTvvv_<vvv;R|vvv9Gyvvv"vvv(*qvvv?(Germplasm)fvvv̂IvvvZvvv(dG}QRpvvvtvvvb.C|qvvv9;vvvTvvv_
LZ(<?GyAQ<?pT(a*T9fOf^;T_E!A9F+?GCJ9Y+{G}LQi<Ww{|A(GRf.

h@vvQvvvR@vvtvv"vv+vv9JGyvv=vvJvv(KGCAvvgvvzvvtvv?<vvAvvJvvTvv_<vv;R|vv9Gyvv"vv(*qvv?pvv,GCgvv%vvOGyvvOh[yvv=vvJvv(K
G}QR(International Rice Research Institute (IRRI))hGyvvvvvWvvvvvQvvvvvv9AGCAvvvvvgvvvvv9h!vvvvv+#|vvvvvgvvvvv&|vvvvv#
JvvAvvzvvrG}svvavv9Qfvv̂@vvavv(*vvQG}Yvv"vv9aGCtvv9h|vv?yvvzvvGvvqvv9ah<vv9yvvAvv9[@vvTvvAvvavv+vvhGyvvAvvgvv9|vv{|vvgvv&.
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$vvPGh@vvgvv}vv{G}Yvv"vv9asvvZvv+vvQIpvvAvvQIGyvv"vv}vv((Short-Duration Varieties),GCOQhSvv?svv=vv{
8vv9*vv?pvvZvv{GCavvQ,fvv̂G svv;d|vv#LvvavvQFvvqvv9aGC(Svv~GCAvvzLvvQGyvvPjLvvOKCIvv+vv9!vv9

k
pvv,

<vgv̂GC"v9_vu.h;vAv9LG}Yv"v9aGCtv9h|v?yvzvGvqv9aE]GC"v9_vuChG}QG\v,PGJG@vqv9a
GCAvvvtvvvavvvhhGC}vvvwvvv#IvvvOhCvvv&pvvv,CjhsvvvBLvvv;d|vvv(Svvv~Gyvvv"vvv}vvv(.$vvvPGh*vvvOQSGyvvv=vvv9IvvvDvvv(f
G6y+9JGyvvqvv+vvR*vv(yvv(Fvv+vv?Ctvv9h|vv?G@vvqvv9a|vvTvvAvvMvvO|vv_G}OhGJG@vvRFvv+vv?yvvAvvJvvO*vvOG@vv+"9J
GCJvvOCvv?FvvRFvv+vv9

k
CDvv{$vvPgGCtvv9h|vv?,<vv+"vv}vv9Kvv>CLvv+vvQG

k
fvv̂$vvPgGyvvgvv}vvz+?GyvvTvv9<vvtvv?yvvgvv}vvz+?

GyvvAvvQ<vv+?(Prebreeding)Lvvqvv̂GyvvqvvtvvO<vv9 !vvAvv9LGyvvgvv9FvvOyvvzvvGvvqvv9a.Ivv9y+9
k

|vvgvvdvv~G}Yvv"vv9a
GCAv=v"v9Ipv,GCQ@vqvgv9JG6Sv+v(*v?$v,|v#G}Yv"v9asvZv+vQIGyvgv}vQhGyv%v9Q<v?|v#G@vqv9a.E:
Cf
q

@vv=vv"vv,$vvPgG}Yvv"vv9a*vv=vvtvv)IvvOhOG
k

FvvRFvv+vv9
k
<vvgvv̂GyvvWvv,A<vvTvv=vv>GCJvvOOGJG}LvvQi

hGyW9|z?yz=PhQi+QGCA(GpQI(12).

h@vvvvgvvvvAvvvv=vvvvQG}fvvvvWvvvv9HhGCO|vvvvQGJ|vvvv#C$vvvv~GCJvvvvOOGJG}LvvvvQi !vvvvAvvvv9LG}QRpvvvv,
GCQ@vqvgv9JG6Sv+v(*v?;pv}vDv;

k
;vAv9Lfv}vz+?|vwv9pvJv?G}fvWv9H*vOh*v9

k
E]Gyvgv}v9yv?GCwvDvqv?,

vvv}vv9Ef|vvgvvdvv~GCRGQfvv_:*vvTvvAvvavv+vvgvv(f;vv}vv{@vvwvv9y+rGCwvv9pvvJvv?Gyvvwvv+vv}vv+vv9Fvv+vv?yvv~fvvWvv9H.
h!vvvvdvvvvQG

k
E]Cf

q
|vvvvgvvvvdvvvv~GyvvvvqvvvvtvvvvOGyvvvvgvvvv9FvvvvOyvvvv~fvvvvWvvvv9HLvvvvOKpvvvv,GCQGIvvvv{G}h]|vvvv#!vvvv}vvvv(

GCJvZv(d,pvzYv"v9aG}QRPGJGyv"vWv9_v9JGyvwv=v+vQIyvzv"v=v9@v9JGCDv=vAv?yvPG7v9@vAvav(Q<vTvQfv?
Bvvqvv̂G6Cvv9QGC"vv9pvvTvv?yvv~fvvWvv9H.C|qvv9CYvv"vv9aG}QRG}LvvQiGCWvv96vv?|vvDvv{(Allopathic)

PGJG}fvvWvv9HGyvv"vv9fvv}vv?hGCgvv9@vv?<vv9yvvwvv+vv}vv+vv9Fvv+vv9JGyvvTvv}vv+vv?,pvvtvvOsvv+qvv}vvBFvv+vvOG
k
.hE\vv9pvv?E]

Gyvv=vv;R|vv9G@vvQCvv(|vv+vv?GC=vv"vv+vv?fvv̂|vvtvv9*vv+vvU|vvwvv9pvvJvv?G}fvvWvv9H(Germplasm-Based Weed

Control Measures),pvvtvvOsvv+qvv}vvBC*vv]vv9
k

GSvvAvvQG@vv+Gvv+vv9JJvvAvvzvvqvv? OGQI|vvwvv9pvvJvv?G}fvvWvv9H
|Qv=?f}z+9JGAQGC?hOhQIGCJZ(dhGCw9pJ?Gy+Oh*?(13).

|vvvv#Fvvvv%vvvv?CLvvvvQiGfvvvvAvvvv=vvvvQJfvvvv}vvvvz+?Efvvvv9OI@vvvvWvvvvGvvvv+vvvvQGyvvvvjvvvv9<vvvv9J(Agroforestry)|vvvv#
GyvvvAvvvtvvv"vvv+vvv9JGCAvvvOGLvvvzvvv?GC%vvv}vvv?PGJGyvvvtvvvOQIGyvvvwvvv9|vvv"vvv?Gyvvvgvvv9y+?pvvv,GyvvvAvvvzCvvv+vvvQpvvv,GCQ@vvvqvvvgvvv9J
GCOQhSvv?,EP*vv}vvwvv#fvv}vvz+?@vvOGLvv{|vv;Fvv}vv?<vv+#Gyvv"vv=vv9@vv9JGyvvOGFvv}vv?hGyvv"vv=vv9@vv9JGyvvTvv"vv(*vv?|vv#
Yv+v9!v?LvZv(<v?GyvAvQH,!vdvQG

k
E]CfGCJv9Yv+v{GyvOGFv}v?@vTv9fvOpv,@v"vdv+v~GyvOhQIGyvjvPGFv+v?

h@vtvzv[|v#fv}vz+?@v5vv{GyvAvQH|vDv{G}VvGv9QGCDv}vQIGyvAv,*v}vwv"v%v9Cf@vwv(f|v(QOG
k

|v%v}v9
k

yvvzvvOLvv{Gyvv"vvtvvOjyvvzvv}vvRGQfvv_GyvvqvvtvvQGApvv,$vvPgG}QG\vv,GCQ@vvqvvgvv?.fvv}vv(|vv9
k
@vvAvv(svvr_vvQ*vvtvv?

GyvvvvAvvvvWvvvvGvvvv+vvvvQGCDvvvv}vvvvQGCAvvvvOGLvvvvzvvvv?(Agroforestry-Based Intervention)fvvvv̂|vvvvOiGyvvvvtvvvvQH|vvvv#
G}S(Gbhf^\}9f|zw+?G}QG\,.

(12)GFVJQ&lP-.
(13)GFVJQ&lP-.
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LvvvvvG:SAQG@+G+?Gyg9|?yAa(*QGC"9_uGCQ@qg?

<vvv+"vvv}vvv9@vvvROGOCGvvv+vvv?;vvvTvvv_GCJvvvZvvv(dhEOGQIGyvvvAvvvtvvv"vvv+vvv9Jpvvv,fvvv}vvvz+?@vvv"vvv}vvv+vvv?GC"vvv9_vvvu
GCQ@vvvqvvvgvvv?G6Svvv+vvv(*vvv?,@vvv|OjGyvvvAvvvOGLvvv;JGC|SvvvTvvv+vvv?hGyvvvTvvv+vvv9Svvv+vvv?OhQG

k
|vvv%vvv}vvv9

k
hIvvvTvvv9Svvv9

k
,

pvvv9C"vvv9_vvvuGCQ@vvvqvvvgvvv?GCPvvvv(QIKvvv>Cf@vvvavvv(QGyvvvQhG<vvvbG:svvvAvvvZvvv9O*vvv?Gyvvvqvvvgqvvv9yvvv?|vvvhG:svvvAvvvZvvv9O
Gyvvtvv(|vv,6vvOaR*vv9OIG}|vv#GyvvjvvPGFvv,h!vv}vv(GyvvOLvv{.h@vv=vvgvv9

k
yvvPyvvx$vv"vv9cIvv9Fvv?yvvzvv=vv+vv8vv9J

GC|SvTv9@v+?hGyvTv+v9Sv?GAvwv+v}v?yvAvWvGv+vhGyv"vWv9_v9JGyvRQGfv+v?|vDv{G}VvGv9QGCDv}vQIhEfv9OI
@vvWvvGvv+vvQGyvvjvv9<vv9JGCAvvO$vv(QI,<vvJvv+vvE*vvZvv=vvKyvv%vvPgGCQ@vvqvvgvv9JGyvvqvv9FvvOIGyvvAvv"vv9pvvTvv+vv?.h@vvWvv}vv{
|vvDvv{$vvPgGyvvAvvOGLvv;J@vv"vv}vv+vv?Gyvv=vv"vv)GyvvAvvJvvAvv+vv?hGC|SvvTvv9JGyvvAvvTvv(*vvtvv+vv?hEYvv;MGC|SvvTvv9J

GCAg9|z?<Jt(bGCzw+?.

hpv,\v(APyvx*v}vwv#EYv;MGyvwvDv+vQ|v#Gyv=v+v8v9JGCAvO$v(QIpv,$vPgGCQ@vqvgv9JCh

fvvv̂G}svvv{GAvvvO|vvv#@vvvO$vvv(Q$vvv9ChE<vvvavvv9A$vvvPGGyvvvAvvvO$vvv(Qfvvv=vvvQ@vvvavvv(*vvvQGCGvvv}vvvgvvv9JGC9Fvvv+vvv?
(Watershed-Based)GyvAv,Ev+qvRCh@vtvOqQOhQ|vWv9Qvv?GCGvAv}vgv9JGCJvz+?pv,EOGQIJvAvzvr

GC(GQO|vvvvh$vvvvPgGyvvvvAvvvvGvvvv}vvvvgvvvv9JGC9Fvvvv+vvvv?.Ef
q

GyvvvvTvvvv+vvvv9Svvvv9JhGyvvvvAvvvvtvvvv"vvvv+vvvv9JGCWvvvvGvvvvgvvvv?GCAvvvv"vvvv(fvvvv?
hGCTvvAvvMvvO|vv?yvvzvvAvvjvv+vvQGJGC"vv9Lvv+vv?GC(Fvv(OIpvv,$vvPgGyvv=vv+vv8vv9JGCAvv"vv(fvv?hGCAvvjvv9*vvQI,;vv(j
vD+QG

k
|#Gy(f(OyzJO|#GyqtQGCTAOGep,GCQ@qg9JG6S+(*?.

3vvvvvf(GFOG:SAD}9QGJGyg9|?:V(G$O|#Gy%"OhGyZ_
@vvvtvvvAvvvQMGAvvvwvvv}vvv?GyvvvAvvvtvvvz+O*vvv?<vvvzf

q
fvvv9FvvvOGJG !vvvAvvv9Fvvv+vvv?yvvv;SvvvAvvvDvvv}vvv9QGJ$vvv,G}fvvv̂pvvv,

G}QG\vv,GCQh*vv?hpvv,G}QG\vv,GCavvQ*vv?PGJGyvvtvvOQIG !vvAvv9Fvv+vv?Gyvvgvv9y+?.h!vv}vv(vvv%vvPGpvv,
$vvvPgG}QG\vvv,*vvvtvvvavvvQpvvv(GFvvvOFvvv($vvvQ*vvv?(Substantial Trickle-Down)yvvvzvvvqvvvtvvvQGA,<vvv}vvv9pvvv+vvv%vvv~
GCTvAvtvQhfpv,GC"v9_vuG}sv{@vqv]v+v;

k
.hIvAv)G:SvAvDv}v9Qpv,$vPgG}QG\v,G}sv{@vqv]v+v;

k

*vv}vvwvv#Cf*vvwvv(fyvv&@vvzCvv+vvQGJ|vv=vv9VvvQIvvv=vv+vvQIpvv,GyvvqvvtvvQGAGyvvP*vv#*vvgvv+vvWvv(fpvv,$vvPgGC"vv9_vvu.
$vv"vv9c!vvtvv9ThFvvOdIvv(dGyvvgvv(GFvvOG:FvvAvv}vv9fvv+vv?yvv;SvvAvvDvv}vv9QGJpvv,GC"vv9_vvuPGJGyvvtvvOQGJ

G !vvvAvvv9Fvvv+vvv?Gyvvvgvvv9y+?,h|vvv9EPGvvvv9!vvvB@vvvgvvvavvv,fvvv(GFvvvOGFvvvAvvv}vvv9fvvv+vvv?yvvvzvvv}vvvGvvvAvvv}vvvhCvvvvDvvvQ|vvv#@vvvzvvvx
G:SvAvDv}v9QGJpv,GC"v9_vuPGJGyvtvOQGJG !vAv9Fv+v?GC"vMvqv]v?.h*v"vdvQG:LvAvZv9Yv+v(fE]
$PGGy(\h|"at+9

k
v}9*\:

@vv(FvvOG:SvvAvvDvv}vv9QGJpvv,GC"vv9_vvuPGJGyvvtvvOQIG !vvAvv9Fvv+vv?Gyvvgvv9y+?JvvQFvv9JRQGfvv+vv?
CvvvvDvvvQ,h!vvv}vvv(G

k
GsvvvAvvvZvvv9O*vvv9

k
Cfvvvdvvv~,<vvvAvvvwvvv9y+rCVvvvOqG!vvvMvvvqvvv9\vvv9

k
|vvv#GC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;

k
.

h*vvtvv(OGyvv"vv}vv(GyvvTvvQ*vvhyvv;svvAvvZvv9Ofvv9OIE]@vv(cvv+vvqvv9Jh_vv"vv+vv?Cvvv=vvQ,hE]CFvv(Qyvvzvvgvv}vv9yvv?
Cfv̂,vv}v9@vtv(OGCMvQFv9JGyvRQGfv+v?GyvwvDv+vQIE]CSvgv9Q|v"vMvqv]v?yvzv}v(GOGyvjvPGFv+v?,hvv;
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G}|vvQ*vv#|vv"vv9Svv=vv9fyvvzvvqvvtvvQGA|vv#GCGvvAvv}vvh.C|qvv9GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k
pvvTvv(a@vvTvvAvvqvv+vvO|vv#

GyvjvPGAGyvQLv+v[h|v#R*v9OIpvQU!v}v(GyvAvTv(*vu,hvvPyvx|v#GyvqvQUG@vO*vOIyvzvgv}v9yv?
GC%v9FvQI<v9AvZv(dfv̂hcv9Fvr|v"vAvGv?pv,GC"v9_vuPGJGyvtvOQGJG !vAv9Fv+v?Gyvgv9y+?hpv,
GCOf.hLvv9hdfvvOOsvvz+{|vv#GyvvTvvwvv9fGyvvgvv+vvXpvv,G}QG\vv,G}svv{@vvqvv]vv+vv;

k
h$vvPG*vvTvv9fvvO

pvv,Lvvqvv̂GyvvAvvO$vv(QGyvv=vv+vv8vv,hR*vv9OIfvv9FvvOGJGyvvqvvQOpvv+vv%vv9.h*vv}vvwvv#GC%vv9FvvQ*vv#Efvv9OIEQSvv9d
GyvvAvvJvv(*vv;JGyvv"vvtvvO*vv?(Remittances)yvvzvv}vv"vv9_vvuG}svv{@vvqvv]vv+vv;

k
,|vv9*vvR*vvOCvv9!vv+?|vv#OLvv(d

G}pQGOh<M9Y?GyqtQGA|"%~.

yvtvO@vzvvOGyvgvO*vO|v#Gyvqv(GFvOGCQ@vqvgv?hGCAv(svgv?|v#Gyv"v}v(GyvRQGfv,pv,GC"v9_vuPGJ
GyvtvOQGJG !vAv9Fv+v?Gyvgv9y+?fv=vQGyv=vJv(KGyvAvGvQ*v=v+v?,h|vhPyvx@vROGOGyvgvtv;!v+?<vAvGv9$v{
;O*9JGC"9_uG}s{@q]+;

k
L;d:

vvvvvpvvWvv{Gyvv"vv}vv9PLGyvvTvv9<vvtvv?yvvzvv"vv}vv(GyvvRQGfvv,pvv,Ivv{
q

|vvWvv9vvv{GyvvqvvtvvQGCAvvRG*vvOhG}|vv#
GyjPGF,hGy=+8?p,GygO*O|#GC"9_uG}s{@q]+;

k
.

vvvvv@vvvRG*vvvOVvvv(G$vvvOChCOyvvv?|vvvTvvvAvvv(*vvv9JGyvvvQvvvv(Opvvv,!vvv}vvv(G !vvvAvvv9Fvvv+vvv?,hR*vvv9OIGCWvvv9vvvv{
Gy=+8+?S(AG

k
p,GygO*O|#GC"9_uPGJGytOQGJG !A9F+?Gyg9y+?.

vvvvvG}Oyv?Gyvav9QFv?<vzf
q

C!v(GYG:SvAvDv}v9QGJGyvTvz+}v?*v}vwv"v%v9R*v9OIG !vAv9Fv+v?GyvRQGfv+v?
E]|vvTvvAvv(*vv9JCvvvDvvQGQ@vvqvv9fvv9

k
|vv#GyvvTvv9<vvtvv?pvv,GyvvgvvO*vvO|vv#GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
.h*vv=vvOh

G6fC!qvv&|vvtvv=vv(dcvv9$vvQ*vv9
k

(Plausible)<vvz!vv&*vv}vvwvv#G:SvvAvvDvv}vv9QGJGAvvwvv(|vv+vv?pvv,GyvvgvvO*vvO|vv#
GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
Cf*vvwvv(fyvv%vv9svvOQIfvv̂EKvv9OGC"vv9pvvTvv?,EfD*vvwvv#!vv}vv(G

k
RQGfvv+vv9

k

Cvvvvv=vvvvQfvvvv̂GAvvvvO*vvvv?|vvvv#G:SvvvvAvvvvDvvvv}vvvv9QGJGCtvvvv9Q!vvvv?pvvvv,GyvvvvgvvvvO*vvvvO|vvvv#GC"vvvv9_vvvvuPGJGyvvvvtvvvvOQI
G !vvAvv9Fvv+vv?Gyvvgvv9y+?,hCf

q
yvv%vvPgG:SvvAvvDvv}vv9QGJ@vvzCvv+vvQCvvv=vvQpvv,|vvWvv9vvv{GyvvqvvtvvQhGyvv=vv+vv8vv?|vv#

GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

|vv#Ivv+vvEG}$vvOGa.pvv{PGvvv9fG}|vvQvvvPyvvxpvv{f
q

G:SvvAvvDvv}vv9QGJ
G \vvv9pvvv+vvv?pvvv,GC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;

k
*vvv}vvvwvvv#Cf@vvvgvvvavvv,,Ivvvtvvv+vvvtvvv?fvvv(GFvvvOGFvvvAvvv}vvv9fvvv+vvv?

|vvvAvvvwvvv9|vvvzvvv?Cfvvv̂ChCvvvv=vvvQyvvvzvvv}vvvGvvvAvvv}vvvh,|vvv#G:SvvvAvvvDvvv}vvv9QGJG \vvv9pvvv+vvv?pvvv,GC"vvv9_vvvuPGJ
GyvvtvvOQGJG !vvAvv9Fvv+vv?Gyvvgvv9y+?.pvv,GAvvtvv+vvtvv?*vv}vvwvv#$vvPgG:SvvAvvDvv}vv9QGJCf@vvtvvOeCh@vvgvvQV
E|vvvwvvv9!vvv+9JChGIvvvAvvv}vvv9:J|vvvAvvvwvvvQQIyvvvzvvvQ<vvvK(Win-Win-Win)(h$vvvPG*vvvgvvv"vvv,!vvv}vvv(G

k
CvvvvDvvvQn

h@tzZ9
k

v=+QG
k
yzqtQh<+8?

k
Cp]{)(14).

hyvvAvvqvvJqvv[$vvPgGyvv"vvdvvQ*vv?ChGyvvqvvQ\vv+vv?,svv9e|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGAGyvvgvv9C,

(14)Shenggen Fan and Peter Hazell, «Returns to Public Investment: Evidence from India and

China (Brief 5),» in: Ibid.
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(IFPRI)<vAvJvz+{BCv9QG !vAv9LGyvRQGfv,h:v"v>GyvqvtvQyvzvgvO*vO|v#!v}v9PLG:SvAvDv}v9QGJ
pvvv,GC"vvv9_vvvuPGJGyvvvtvvvOQGJGyvvvgvvv9y+?hGC"vvvMvvvqvvv]vvv?G !vvvAvvv9Fvvv+vvv?pvvv,Gyvvv%vvv"vvvOhGyvvvZvvv_.h|vvv#
GC|SvvrC:@vvTvv}vvKGyvv=vv+vv9!vv9JGCGvv}vv(fvv?<vv{FvvQGA;vvz+{|vvtvv9Q!vv?yvvzvvAvvzCvv+vvQGJGyvv=vv+vv8vv+vv?Gyvv"vv9:vv?
|vv#G:SvvAvvDvv}vv9QGJGAvvwvv(|vv+vv?pvv,$vvP*vv#Gyvv=vvzvvO*vv#.h*vvgvvAvv=vvQ$vvPGfGyvv=vvzvvOGf|vv#G}|vvDvvzvv?
G@vvv+vvvOIyvvvzvvvOQGSvvv?,|vvvDvvv{<vvvtvvv+vvv?GyvvvOhdG6Svvv+vvv(*vvv?G}LvvvQi,vvvv(fCSvvv9SG:SvvvAvvvDvvv}vvv9QGJ
GAvvvwvvv(|vvv+vvv?GyvvvTvvv9<vvvtvvv?pvvv+vvv%vvv}vvv9vvvv9!vvvBsvvvOhFvvv%vvvBE]GC"vvv9_vvvuPGJGyvvvtvvvOQGJG !vvvAvvv9Fvvv+vvv?
Gyvvgvv9y+?,hvvvPyvvxyvv5!vvAvv9Fvv+vv?Gyvvgvv9y+?GCJvvZvv(OIFvvQqGA$vvPgG:SvvAvvDvv}vv9QGJ(GyvvAvv,svv9O7vv}vv9
|v#Iv9yv?GyvtvZv(Qpv,GyvjvPGAGyv(_v"v,E]Iv9yv?Gyvqv9Fv̂Iv9y+9

k
)h<vJv+vEEvwv"vBvvzvAv9Gv9

|vv#|vvgvv9@vv?vvv{|vv#G !vvAvv9Fvv+vv?Gyvv]vvgvv+vvqvv?hGyvvqvvtvvQhG}|vv#GyvvjvvPGFvv,hGyvvAvvO$vv(QGyvv=vv+vv8vv,
GC(Fvv(OIpvv,GyvvgvvO*vvO|vv#GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
.h|vvD

q
vvzvvBGyvv"vvAvv9FvvHOfvv}vv9

k
svv(*vv9

k
yvvzvvqvvQ\vv+vv?

GCPvvv(QISvv9<vvtvv9
k

hGyvvtvv9Fvvzvv?EfGCTvvAvv(*vv9JGyvvwvv=vv+vvQI|vv#G:SvvAvvDvv}vv9QGJpvv,G}QG\vv,G}svv{
@vqv]v+v;

k
$v,G6fHv9d\v}v9fCh|vQLv[yv%v9hfv̂CSv9S:v"v>GyvqvtvQh;vtv+vuGyv"v}v(

f^G}s{.

Cvvvvvf(GFOG:SAD}9QGJGAw(|+?p,Gy%"O

yvvvtvvvO<vvv"vvv+vvvBGyvvvAvvvJvvvz+;Jpvvv,Gyvvv%vvv"vvvOfvvv̂CSvvv9S<vvv+9!vvv9J|vvvTvvvAvvv(iGCJvvv9pvvvdvvv9J,EP
Yvv"qvvqvvB$vvPgGCJvv9pvvdvv9JChGCtvv9_vvgvv9JE]pvv8vv9JCvv;K:|vvQh*vv?;h|vvavvQ*vv?PGJsvvOQGJ
E!vvAvv9Fvv+vv?fvv9y+?;h|vvavvQ*vv?PGJsvvOQGJE!vvAvv9Fvv+vv?|vv"vvMvvqvv]vv?.hsvvOfvvQqpvvBG}QG\vv,GCQh*vv?
<vvz8vv9G}QG\vv,GyvvAvv,*ovvQhi|vv#Ivv9Yvv+vvzvv%vv925pvv,GC8vv?fvv̂G}svv{,C|qvv9G}QG\vv,GCavvQ*vv?
pvvtvvOYvv"qvvqvvBhs

r
vvTqvv}vvBhpvvtvv9

k
yvvzvvtvvOQGJG !vvAvv9Fvv+vv?E]fvv9y+?G !vvAvv9Fvv+vv?h|vv"vvMvvqvv]vv?G !vvAvv9Fvv+vv?

hvvPyvxhpvtv9
k
yvTv}v97v9Gyv=v+v8v?vvvvvRQGfv+v?(Agroecological Characters).h*v;IveCfIv(G]

80pvvv,GC8vvv?|vvv#GyvvvqvvvtvvvQGAGyvvvQ*vvvqvvv+vvv_*vvvgvvv+vvvWvvv(fpvvv,$vvvPgG}QG\vvv,GCavvvQ*vvv?,hCf
q

CvvvvDvvvQ|vvv#
!vZvqv%v~*vgv+vWv(fpv,G}QG\v,GCavQ*v?PGJGyvtvOQIG !vAv9Fv+v?Gyv]vgv+vqv?(15).h<v9SvAvgv}v9d
Gyv=v+v9!v9JGCGv}v(fv?fv̂|vTvAv(iGCtv9_vgv?yvzvqvAvQI1970vvvvv1995hpvu|v(O*v{yv;svAvZv9O
Gyvvvvtvvvv+vvvv9Svvvv,(Econometric Model),pvvvvtvvvvO@vvvv~q@vvvvtvvvvO*vvvvQhsvvvv+vvvv9S@vvvvzCvvvv+vvvvQ!vvvv}vvvv9PLGSvvvvAvvvvDvvvv}vvvv9QGJ
Ivvwvv(|vv+vv?fvv̂G !vvAvv9LGyvvRQGfvv,hGyvvqvvtvvQGyvvQ*vvqvv,.hsvvOGSvvAvvMvvOeGC(O*vv{:Ivvtvv9

k
AvvTvv9H

GyvvAvvzCvv+vvQpvv,Gyvv"vv}vv(hGyvvqvvtvvQyvv(IvvOICLvvQihyvvwvv{!vv}vv(PL|vv#G:SvvAvvDvv}vv9Qhpvvtvv9
k
yvv"vv(YG}QV

h@~qfQVGy"A9FHp,G@OhdQs~(1vvvvv2).

yvvtvvOyvv(IvveCf
q

pvv,vvv{GSvvAvvDvv}vv9Q*vvAvv~,LvvOKGyvvAvvzCvv+vvQGAvvOjG}fvv̂pvv,G !vvAvv9L

(15)GFVJQ&lP-.
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GyvvvRQGfvvv,h|vvv"vvvhGyvvvqvvvtvvvQpvvv,CIvvvO!vvv(fvvv,G}QG\vvv,GCavvvQ*vvv?,pvvv,Ivvv_@vvvAvvvzLvvvQG}QG\vvv,
GCQh*vvvvv?E]GCQ@vvvvv=vvvvv?GyvvvvvDvvvvv9!vvvvv+?ChG}Lvvvvv+vvvvvQI(GyvvvvvDvvvvv9yvvvvvDvvvvv?).vvvvvv}vvvvv9yvvvvv(IvvvvveCf

q
<vvvvvgvvvvv̂!vvvvv}vvvvv9PL

G:SvvAvvDvv}vv9QGJpvv,GC"vv9_vvuChG}QG\vv,GC"vvMvvqvv]vv?PGJGyvvtvvOQIG !vvAvv9Fvv+vv?,svvOCfvvavvB
<vgv̂Gyvgv(GFvOG !vAv9Fv+v?G}fv̂,hvvPyvxIvZvzvB=v+vhGC|VvQGJG}LvQiGCOQhSv?,
<v9SvAvDv"v9AGyvAvgvz+~,fv̂<vgv̂C$v~qGyvAvzCv+vQGJGCJv=v=v?pv,GyvqvtvQ.yvtvOsvO|vB$vPgGyv"vAv9FvH
Ofvv}vv9

k
svv(*vv9

k
yvv"vvdvvQ*vv?G:SvvAvvDvv}vv9QGJpvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
,<vvJvv+vvECYvv=vvJvvB$vvPg

GC"v9_vu@vtvOepvQYv9
k

|vQ<vJv?CvvDvQ,h$vPG*vTvAv(Fv>EQSv9dGCR*vO|v#G:SvAvDv}v9QGJyv%vPg
GC"9_up,Gy%"O.

Hvvvvvf(GFOG:SAD}9QGJGAw(|+?p,GyZ_

hpvv,OQGSvv?|vvWvv96vv?yvvzvv}vvPvvv(QICfvv;g,FvvQJpvv,Ohyvv?GyvvZvv_Ivv+vvEfvvQpvvB
hOQSvvBCvv;Cvv?Csvv9y+~$vv,GyvvTvv9Ivvz+?hGyvv(Svvavv)hGyvvjvvQ<vv+?.h*vvgvvAvv=vvQG svvz+~GyvvTvv9Ivv\
CvvvDvvQG}svv9y+~GyvvDvv;Cvv?LvvZvv(<vv?|vvh$vvavv{

m
|vvavvQj

u
Fvv+vvO,h*vv}vvwvv#@vvZvv"vv+vvqvv&vvvzQGV

m
Ch

|vvv"vvv9_vvvuPGJsvvvOQGJE!vvvAvvv9Fvvv+vvv?fvvv9y+?.C|qvvv9G svvvz+~GyvvvjvvvQNpvvv%vvv(Csvvv{G}svvv9y+~GyvvvZvvv+"+vvv?
@vav(QG

k
,h*vAvTv~<vqvtvQ|v(GQOgGyvav=v+vgv+v?hGyv=v"v+v9JG:FvAv}v9fv+v?,h<v9yvAv9[@vZv"vrCQG\v+v&

<vvv9C"vvv9_vvvuPGJGyvvvtvvvOQGJG !vvvAvvv9Fvvv+vvv?Gyvvv]vvvgvvv+vvvqvvv?.h*vvvtvvvhG svvvz+~G}hSvvvb<vvv+#G svvvz+}vvv_
GCPvvvv(Q*vvv#h*vvv}vvvwvvv#hYvvvqvvv&|vvv#Gyvvv"vvv9Ivvv+vvv?GyvvvRQGfvvv+vvv?<vvvz!vvv&*vvvAvvv=vvvhGC"vvv9_vvvuPGJGyvvvtvvvOQGJ
G !A9F+?GCgAOy?.

pvv,fvv9e1996vvv9f*vvgvv+vvXsvvQG<vv?60pvv,GC8vv?|vv#GyvvqvvtvvQGAGyvvQ*vvqvv+vv_GyvvZvv+"+vv_pvv,
G svvz+~GyvvjvvQN,pvv,Ivv_@vvtvv+vv~Gyvv"vvTvv=vv?GCAvv=vvtvv+vv?pvv,G svvz+~G}hSvvb.h<vv9SvvAvvMvvOGe_vvQb
;vvz+z+?|vvWvv96vv?yvvzvvavvQbGCTvvAvvMvvO|vv?pvv,Gyvv%vv"vvO,pvvtvvO=vvgvvBGyvv=vv+vv9!vv9Jfvv̂|vvTvvAvv(iG}svv9y+~
yvvzvvqvvAvvQI1970vvvvv1997Cvv~qsvvOQJ@vvzCvv+vvQGJG !vvAvv9LGyvvRQGfvv,hGyvvqvvtvvQ,hG:SvvAvvDvv}vv9QGJ

G \9p+?yw{Esz+~h@=z(QJp,G@OhdQs~(1vvvvv3).

$vvPGh@vv}vv+vvhC!vv(GYG:SvvAvvDvv}vv9QGJ@vvzCvv+vvQ$vv9Gyvvwvv=vv+vvQpvv,GyvvqvvtvvQpvv,G svvz+~GyvvjvvQN
PjGyvtvOQIG !vAv9Fv+v?GC"vMvqv]v?h*vzO@vzCv+vQ$v9,|v#Iv+vEGyvwv=vQ,pv,GCQ@v=v?GyvDv9!v+?pv,
G svz+~G}hSvbPjGyvtvOQIG !vAv9Fv+v?GCAv(Svav?,pv,Iv_*vAvTv~G svz+~GyvTv9Iv\Pj
GyvtvOQIG !vAv9Fv+v?Gyvgv9y+?<v9CQ@v=v?GyvDv9!v+?ChGyvDv9yvDv?pv,=v+vhC!v(GYG:SvAvDv}v9QGJ.vv}v9Ef

Cgvvvdvvv~G:SvvvAvvvDvvv}vvv9QGJfvvv(GFvvvO$vvv9G !vvvAvvv9Fvvv+vvv?GCQ@vvvqvvvgvvv?,E|qvvv9pvvv,G svvvz+~GyvvvjvvvQNChpvvv,
G svvvvvvvz+~G}hSvvvvvvvb,|vvvvvvv=vvvvvvv+"?<vvvvvvvzf

q
G:SvvvvvvvAvvvvvvvDvvvvvvv}vvvvvvv9QGJpvvvvvvv,$vvvvvvvP*vvvvvvv#G svvvvvvvz+}vvvvvvv_$vvvvvvv,|vvvvvvv#

G:SAQG@+G+9JGyQG<J?.
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G@OhdQs~(1vvvvv2)
Gyg(GFOGAO*?y;SAD}9QGJGyAt"+?hGy="+?GyAJA+?p,GyQ*rGy%"Oj

!vvvvvvvvv(YG:SAD}vvvvvvv9Qp8vvvvvvvvvvvvvvv9JG}QG\vvvvvvvvvvvvvvvvvvvv,

GCQh*?GCaQ*?hsOQI
E!A9F+?f9y+?

GCaQ*?hsOQI
E!A9F+?|"Mq]?

f(GFOG !A9Ly(IOIG:SAD}9Q(Qh<+?)

CY"9af9y+?G !A9L(1)6,324,3633

GyaQbGCg=OI(2)100,5986,451136,173

s"(GJGyQj(1)9,383,3101,439

GyQj<9yta9YGB9U(1)1,000(2,213)4,559

@(p+QGyw%Q<9A(1)(546)961,274

GyAgz+~(3)(360)571102

fOOGyTw9fGB9QF_|#GyqtQy(IOIG:SAD}9Q

CY"9af9y+?G !A9L(4)0,000,020,05

GyaQbGCg=OI(5)1,573,509,51

s"(GJGyQj(4)0,010,230,09

GyQj<9yta9YGB9U(4)0,01(0,15)0,30

@(p+QGyw%Q<9A(4)0,010,070,10

GyAgz+~(6)0,010,230,01

|;Id9J:G}Qs9e\}#G}s(GSS9y=?hp,|gd~GA9:J@gA=Q$PgGyg(G|{i+Q|g"(*?EIZ9F+9
k
.

(1)f(GFOGy%wA9QGCAzCQIp,G:SAD}9Q(Qh<+?).

(2)f(GFOGyw+z(|AQ|#GyaQs9JGCg=OI(Qh<+?).

(3)f(GFOGyg9|{GCAgz~(Qh<+?).

(4)f(GFOG}pQGOGB9QF_|#GyqtQyw{$wA9Q<AzC+QG:SAD}9Q(pQO/$vvvv).

(5)f(GFOG}pQGOGB9QF_|#GyqtQyw{v+z(|AQ|#GyaQs9JGCg=OI<AzC+QG:SAD}9Q(pQO).

(6)f(GFOG}pQGOGB9QF_|#GyqtQyw{f9|{|Agz~<AzC+QG:SAD}9Q(pQO).

GCZvvvvvvvvvvvvvvvOQ:Shenggen Fan and Peter Hazell, «Are Returns to Public Investment Lower in Less-

Favored Rural Areas?: An Empirical Analysis of India,» Economic and Political Weekly (22 April 2000),

pp. 1455-1463.
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G@OhdQs~(1vvvvv3)
Gyg(GFOGAO*?y;SAD}9QGJGyAt"+?hGy="+?GyAJA+?p,GyQ*rGyZ+",

!vvvvvvvvv(YG:SAD}vvvvvvv9Qp8vvvvvvvvvvvvvvv9JG}QG\vvvvvvvvvvvvvvvvvvvv,

G sz+~GyT9I\
PhGytOQIG !A9F+?

Gyg9y+?

G sz+~G}hSb
PhGytOQIG !A9F+?

GCA(Sa?

G sz+~GyjQN
PhGytOQIG !A9F+?

Gy]g+q?

f(GFOG !A9Ly(IOIG:SAD}9Q(*#)

Gy=J(KhGyA"}+?(R & D)7,338,539,23

GyQj1,400,980,93

GyaQb3,696,906,71

GyAgz+~6,068,456,20

Gyw%Q<9A3,674,893,33

Gy%9@r<9yQ*r4,148,056,57

fOOGyTw9fGB9QF_|#GyqtQyw{16000*#q

Gy=J(KhGyA"}+?(R & D)0,972,4214,03

GyQj0,150,231,14

GyaQb0,702,8014,60

GyAgz+~1,795,3521,09

Gyw%Q<9A0,922,649,62

Gy%9@r<9yQ*r0,984,1117,99

GCZvvvvvvvvvvOQ:Shenggen Fan, Linxiu Zhang, and Xiaobo Zhang, «Growth, Inequality, and Poverty in

Rural China: The Role of Public Investments,» (Research Report; 125), in: Environment and Production

Technology Division, Eptd Discussion Paper; no. 66 (Washington, DC: International Food Policy

Research Institute (IFPRI), 2002).

hfvv̂vvv{
m

,pvv}vvgvvdvv~Gyvvgvv(GFvvOG !vvAvv9Fvv+vv?$vv,G}vvv=vvQpvv,G svvz+~G}hSvvb|vv"vv%vv9pvv,
G svvz+~GyvvjvvQN.hpvv,Gyvv(svvB!vvqvvTvv&@vvtvvAvvQM$vvPgGyvvgvv(GFvvOG !vvAvv9Fvv+vv?hFvv(O<vvgvv̂GyvvAvvGvv9QI
GBvv9QFvv+vv?(@vvZvvO*vvQ)<vv+#Gyvv"vv}vv(hG}$vvOGaGyvvgvv9Oyvv?pvv,@vv(RYG:SvvAvvDvv}vv9QGJ<vv+#GC"vv9_vvu
PGJGytOQIG !A9F+?GCgAOy?,hGC"9_uPGJGytOQIG !A9F+?GC"Mq]?.

hKvv>fvvOe@vvqvvTvv+vvQ$vvPgGyvv"vvAvv9FvvHGyvv%vv"vvO*vv?hGyvvZvv+"+vv?fvv̂C8vv9@vvgvv"vv,\vvQhQI@vvtvvz+[

G:SvAvDv}v9QGJGAvwv(|v+v?pv,G}QG\v,PGJGyvtvOQIG !vAv9Fv+v?Gyvgv9y+?.h@vgvAv=vQ$vPgGC"v9_vu
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$vv,GC(QOG}Svv9Svv,yvvAvvjvvP*vv?GyvvTvvwvv9fGAvv]vvQ*vv_PhjGyvv"vv}vv(GCAvvTvv9QYhGyvvAvv,|vv9RGyvvB
@vvgvvQVGyvvgvv(GFvvOGCqvv]vvzvv?yvv;SvvAvvDvv}vv9QGJGyvvgvvO*vvOI.|vv#Fvv%vv?CLvvQiKvv>Cf@vvtvvAvvQM$vvPg
Gyvv"vvAvv9FvvHpvvQYvv9

k
FvvPG<vv?|vvAvv(GpvvQIyvvAvvtvvz+[GyvvqvvtvvQfvv=vvQG:SvvAvvDvv}vv9QG \vv9pvv,pvv,GC"vv9_vvuG}svv{

@vvvqvvv]vvv+vvv;
k
.h$vvvPG*vvvqvvv]vvv{fvvv̂Gyvvv"vvv}vvv(GyvvvAvvvtvvvQ*vvv=vvv,Ivvv+vvvEEfGyvvvgvvvO*vvvO|vvv#$vvvPgG:SvvvAvvvDvvv}vvv9QGJ

@vgvQVpv,GAvtv+vtv?pvQUQ<vK!vAv+vGv?E!vGv9R!v}v(E!vAv9LCvv=vQh<v9yvAv9[@vtvz+[Cvv=vQyvzvqvtvQ.
h@vvvgvvvOIvvv9y+9

k
OQGSvvv9J|vvvWvvv96vvv?}svvv9y+~CLvvvQi,hE!vvv&C#GBvvvavvvQGyvvv(G\vvvKGSvvvAvvvtvvvQGA$vvvPg

Gyvv"vvAvv9FvvHpvv,|vv9$vv(C<vvgvvO|vv#BSvv+vv9,Ivv+vvEGyvvgvvO*vvO|vv#GyvvOhdGyvvqvvtvv+vvQIh<vvMvv9Yvv?G}pvvQ*vvtvv+vv?
|vv"vv%vv9D@vvTvvAvvDvv}vvQ<vvgvvO<vvWvvwvv{

m
vvv9apvv,GC"vv9_vvuPGJGyvvtvvOQIG !vvAvv9Fvv+vv?GCQ@vvqvvgvv?yvvAvvZvv{E]

Gy"ta?GyA,*A~69@"9s[Gyg(GFOG !A9F+?.

4vvvvvGSAQG@+G+9JGyA"}+?yzjQHG}pQ*t,

@vvvqvvvAvvvQVGC(O*vvv;JGC(Fvvv(OIhGCgvvvOqIyvvvzvvvAvvvwvvvDvvv+vvvrGyvvvRQGfvvv,(E!vvvAvvv9LRQGfvvv,vvvv=vvv+vvvQfvvv̂
GCTvvvv9Ivvvv?!vvvvqvvvvTvvvv%vvvv9|vvvv#G}QV),hFvvvv(O!vvvv}vvvv(Svvvvwvvvv9PhGyvvvv(Yvvvv(dE]G}Svvvv(GbhGyvvvvtvvvvOQI
G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?Gyvvgvv9y+?,GyvvAvv,SvvAvvtvv(OGCRGQfvv_E]@vv=vv"vv,GyvvAvvtvv"vv+vv9JGAvvO*vvDvv?hGyvvRQGfvv?
GyvvvwvvvDvvv+vvvqvvv?hG:SvvvAvvvMvvvOGeGCTvvvAvvvOGeyvvvzvvv}vvv(GQO.h<vvv9yvvvQivvv~|vvv#hFvvv(OGyvvvTvvv+vvv9Svvv9JG Yvvv;Ivvv+vvv?
h@vvZvv}vv+vv~<vvQG|vvHEfvv9OI$vv+vv9vvv{Gyvvtvvavv9fvv9Jh@vv(Gpvvtvv%vv9yvvAvvJvvTvv_Ivv(GpvvRG !vvAvv9LhGyvvAvvTvv(*vvu
yvvzvv}vvRGQfvv_,E:Cf

q
G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?|vv9RGyvvB|vv"vvMvvqvv]vv?,E\vv9pvv?E]GSvvAvv}vvQGQfvv}vvz+?

@vvvO$vvv(QGC(GQOhR*vvv9OIGyvvvqvvvtvvvQ.vvvv}vvv9cvvv%vvvQJGCWvvv9vvvv{GyvvvTvvvzvvv=vvv+vvv?pvvv,GyvvvjvvvQHG}pvvvQ*vvvtvvv,.pvvv,
Iv9:Jsvz+zv?Evw

q
v"vBC!vdv}v?RQGfv+v?|vgv+"?|v#GyvOLv(dpv,G}!vdv}v?GyvRQGfv+v?PGJG !vAv9Fv+v?

Gyvgv9y+?,h<v9yvAv9[RGOJ|v#Qpv9$v+v?GCRGQfv_(vv}v9$v(GAv9dpv,GyvTv9pv9!v9<vWv}v9div(*v9!v9pv,
!vv+Gvv+vvQ*vv9).E!qvv&|vv#GCgvvQhaFvv+vvOG

k
Cf
q
<vv"vv9AC!vvdvv}vv?RQGfvv+vv?|vvwvvDvvqvv?*vvAvvavvzvv>@vv(pvv+vvQG:SvvAvvDvv}vv9QGJ

(SvJv>ChFvQGAv+v(G!v9JhJvzvqv97v9),hyvwv#fvOe@v(pv+vQG:$vAv}v9eGyvwv9pv,sv9OE]Hv}v(fv?
fv(G|v{|vgvtvOIhE]@v"v(Ypv,G}h\v9YGyv=v+v8v+v?GyvRQGfv+v?hpvtv9

k
yvzvgv}vz+9JGyvRQGfv+v?GyvAv,!vq

q
vP$v9

GCRGQf(f<JT>C!d}?Gy=(GfEChGA(GpRGy]9|"?y;SAD}9QGJGC"9S=?GCtO|?y%9.

hIvv+vvEEf
q

GyvvRQGfvv?EvvDvv{CvvzvvEGyvv"vv9@vvHGCJvv\G =vv9[(Gross Domestic Product),
h@vvv(cvvvrCvvvzvvvDvvv,Gyvvvtvvv(iGyvvvgvvv9|vvvzvvv?,h$vvv,pvvv,vvvvDvvv+vvvQ|vvv#GAvvv9:JGC(QOG}hdyvvvzvvvgvvv}vvv;J
GyvZvgv=v?,pv{!v&|v#iv+vQGCJvAv}v{Cf@vAv}vwv#GsvAvZv9O*v9JGyvjvQHG}pvQ*vtv,|v#;vtv+vu@vjvav+v?
|vv(Fvv=vv?|vvTvvAvvOG|vv?|vv9D@vvAvv}vvwvv#|vv#fvvwvvU@vv"vv9svv[GsvvAvvZvv9OGJGyvvtvvavv9YGyvvRQGfvv,.hKvv>
Gyv=vOA<vAvJvO*vOGyvTv+v9Sv9JGyvqvgqv9yv?hG:SvAvDv}v9QGJGCAvgvzvtv?<v9yvAv"v}v+v?GCTvAvOG|v?,|vh|vQGfv9I
Gyvqv9FvOIGyvAv"v9pvTv+v?CMvAvzvrG:SvAvQG@v+Gv+v9JGAv+v9@v+?(|vTv9QGJGyvAv"v}v+v?)yv~h\v9YhGC(Gsvh
GCMvAvzvqv?.h@vgvAv=vQvv{|v#Gyv=v+v8v?GyvRQGfv+v?hGyv(Yv(dE]G}Sv(GbhGyv]vjvbGyvTvwv9P,|v#
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GCJvvvOOGJGyvvvQFvvv+vvvTvvv?yvvvzvvvqvvv9FvvvOIGyvvvAvvv"vvv9pvvvTvvv+vvv?.vvvv}vvv9@vvvzLvvvP$vvvPgGyvvvQSvvv9yvvv?Gyvvvqvvv9FvvvOIGyvvvAvvv"vvv9pvvvTvvv+vvv?
yvv;SvvAvvQG@vv+Gvv+vv9JGBvv9Yvv?<vvjvvQHCpvvQ*vvtvv+vv9GC=vv"vv+vv?fvv̂CQ<vvh|vv"vv9_vvu|vv#Gyvv=vv+vv8vv9JGyvvRQGfvv+vv?

(Agroecological Zones)GC(Fv(OI$v"v9ch$v,:GyvQ_v=v?,!vZvrGyvQ_v=v?,!vZvrG@v9pv?,
hG@9p?hp,|9*\@(\+Kyw{|"%9:

CvvvvvGC"at?GyQ_=?

@vvAvvzyvvrGC"vvavvtvv?Gyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?GyvvQ_vv=vv?|vv#Gyvvjvv9<vv9Jhivv9<vv9JGyvvTvv9pvv9!vv9GCAvvJvv(yvv?
(Forestsavannah Transition)GyvAv,@vjvav,10pv,GC8v?|v#|vTv9Iv?G svz+~(16),<v}v9pv+v%v9

y+=vv+vvQ*vv9hCFvvRGA|vv#Gyvvwvv9|vv+vvQhfhSvv9Ivv{Gyvvgvv9Lhivv9!vv9hivv(*vv9!vv9h!vv+Gvv+vvQ*vv9hGyvvTvv+vvQGy+(f
h@vv(ivv(.h@vvTvvAvvtvv=vv{$vvPgGC"vv9_vvusvvQG<vv?1500|vv~3|vv#G}|vvavv9QSvv"vv(*vv9

k
h6vv9pvvAvvQI!vv}vv(@vvtvvh

<vv+#7vvvvv12Vvv%vvQG
k
.h@vvAvvTvv~@vvQHG svvz+~<vv9Avv}vv(\vv?GyvvRGFvvOIhGyvvAvvO$vv(QGyvvTvvQ*vvh!vvdvvQG

k
E]

fvvvOehFvvv(OGyvvvjvvvavvv9AGyvvv"vvv=vvv9O.C|qvvv9GyvvvAvvvOGLvvv{Gyvvv"vvv=vvv9OvvvvvGAvvv+vvv(GPpvvv%vvv(|vvv"vvvMvvvqvvv̂<vvvTvvv=vvv>
(Trypanosomiasis)
(*)

I+E*gA=QGCJOOGyQF+Uy5!A9LGA+(GP.

h@vvvAvvv}vvvDvvv{GyvvvtvvvOQIGyvvvwvvv9|vvv"vvv?GyvvvRQGfvvv+vvv?G}vvvv=vvvQ<vvv9CJvvv9Yvvv+vvv{G@vvvPQ*vvv?|vvvDvvv{Gyvvvwvvv9Svvv9pvvv9
(Cassava)
(**)hGy+9e(Yam)

(***),hGCJvv9Yvv+vv{GyvvWvvGvvQ*vv?|vvDvv{Gyvvwvv9vvv9hhGCavv9W.hpvv,
Ivv9yvv?@vv(Fvv+vv&$vvPgGyvvtvvOQIGyvvRQGfvv+vv?Gyvvwvv9|vv"vv?C"vvAvvGvv9JG}VvvGvv9QGyvvDvv}vvQ*vv?GCgvvOqIyvvzvvAvvZvvO*vvQ
hGAvZv(dfv̂Gyvgv}v;JGyvZvgv=v?,Kv>@v(Fv+v&G}pv]vz+?Gyvwv=vQiyv;SvAvDv}v9QGJpv,<v"v9A
GyvavQb,Iv+vE$v,pv,h\vhQOjA,h@vtvO*v~GyvAvTv%v+v;Jyv~Sv(GbGyvAvGv9Q*v?.hyvTv(a
@vvR*vvO$vvPgG:SvvAvvDvv}vv9QGJC*vv]vv9

k
|vv#Q<vvJvv+vv?GCJvv9Yvv+vv{GyvvOQ!vv+?GyvvTvvQ*vvgvv?GyvvAvvzvvrhGyvvwvv=vv+vvQI

GAvvGvv~,hPGJGyvvtvv+vv}vv?GC"vvMvvqvv]vv?<vv9Ctvv9Q!vv?|vvhGCJvv9Yvv+vv{Gyvv=vvTvvAvv9!vv+?.|vv#Fvv%vv?CLvvQipvv,
Ivv9yvv?@vv(GpvvQGyvvtvvQhVyvvAvvZvv"vv+vvhGCWvv9Q*vvhGCJvvz+?,pvv;<vvO|vv#Cf@vvROGOfvv(GFvvOGyvvAvvTvv(*vvu
GB9Y?<9y="+?GyAJA+?.

h<vvTvv=vv>@vv"vv9svv[G}Svvgvv9QGyvvgvv9C+vv?yvvzvvTvvzvvhGyvvRQGfvv+vv?,Kvv>fvv̂|vvRGQfvv,GyvvOhdpvv,
GyvvjvvQHG}pvvQ*vvtvv,@vv"vv(*vvhSvvzvvgvv%vv~GC"vvAvvGvv?PGJGyvvtvv+vv}vv?Gyvvgvv9y+?hLvvqvv̂vvv{|vv#@vvwvv9y+r
E!vvAvv9Fvv%vv9h@vvTvv(*vvtvv%vv9.hyvvqvvgvv{Pyvvxpvv%vv~<vvJvv9Fvv?yvv~Yvv"vv9aGAvvO*vvDvv?GCtvv9h|vv?yvv~|vvQGV
hGCTvvAvvGvv+vv=vv?yvvzvvwvv}vv+vv9JGCJvvOhOI|vv#GCOLvv;JGCWvvAvvQGI.vvvPyvvx$vv"vv9cIvv9Fvv?yvvAvvJvvTvv_

(16)Simeon Ehui, Samuel Benin and Dunstan Spencer, «Development Strategies for West

Africa (Brief 8),» in: Ibid.

(*)OGA!9Vrf#G Y9<?<9CDt=+9J.

(**)GC"+%(J.

(***)!(Y|#Gy=a9_9,<g]&Iz(.
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CYvvvvv"vvvvv9aGCJvvvvv9Yvvvvv+vvvvv{G}LvvvvvQivvvvvv9y+9e(Yam)hyvvvvvTvvvvv9fGAvvvvv}vvvvv{(Plantain)hvvvvvv9vvvvvv9hGy+9e
(Cocoyam Yam),GyvvvvAvvvv,@vvvvTvvvv9$vvvv~pvvvv,;vvvvtvvvv+vvvvuG}|vvvv#GyvvvvjvvvvPGFvvvv,yvvvv~SvvvvQGyvvvvRQGfvvvv+vvvv?.h|vvvv#

GCgvvQhaC!qvv&fvv"vvO|vv9*vvAvv(GpvvQGyvvjvvPGAyvv%vvPgG}SvvQ*vv}vvwvv"vv%vv9|vvOqsvv"vv(GJGC(GQOh<vv9yvvAvv9[E!vvAvv9L
vvv}vv+vv9JCvvv=vvQ|vv#Ivv9Yvv+vv{GyvvAvvZvvO*vvQh<vvMvv9Yvv?GyvvDvv}vvQ*vv?|vv"vv%vv9(17).pvv,$vvPGG svvz+~C*vv]vv9

k

svvOQIE!vvAvv9Fvv+vv?Yvvjvv+vvQI OLvv9dGAvv+vv(G!vv9Jpvv,Gyvv"vvWvv9_vv9JG !vvAvv9Fvv+vv?,pvv9}QG\vv,GBvvqvv+vvqvv?
pv+v&:vgv{fv}vz+9JGyvgvRbSv%vzv?hfv}vz+?G!vAvWv9QFvPhQG}VvGv9Q\vgv+vqv?,h<v9yvAv9[:vgv{
f}z+?EOL9dGA+(G!9Ji+Q|Q<J?<T=>v=QG:SAD}9QGJGyA,@Aaz=%9$PgGyg}z+?.

Ef
q

GyvvtvvOQIGyvvwvv9|vv"vv? !vvAvv9LGyvvzvvJvv~fvv9y+?,hKvv>Cf@vvQvvvRG:SvvAvvDvv}vv9QGJfvv̂@vvQ<vv+?
GAvv+vv(G!vv9JGCtvv9h|vv?yvv~|vvQGV|vvDvv{GyvvvvvzEfvvvvvOG|vv9y(N’dama),hvvvPyvvxfvv̂;vvTvv_!vvdvv9e
GyvvZvvJvv?GAvv+vv(G!vv+?CCvv"vv9A@vv(Q*vvOGAvv+vv(G!vv9J.h6vvOaGyvvAvvjvvzvv>fvv̂|vvWvvwvvzvv?G}fvv;a:<vvO
yvvzvv=vv9IvvDvv_|vv#Gyvvgvv}vv{fvv̂R*vv9OIsvv9<vvz+?$vv]vv~(Digestibility)GyvvwvvAvvzvv?GAvv+vv(*vv?(Gyvv(GpvvQIpvv,
$vvvPGG svvvz+~)CMvvvzvvvqvvv9JGCJvvv9Yvvv+vvv{hivvv+vvvQGCTvvvAvvvgvvv}vvvzvvv?IvvvAvvv)G6f|vvv#svvv=vvv{GAvvv+vvv(G!vvv9J,
h<vv{fvvavv9Afvv}vvz+?GyvvAvvOGLvv{GCJvvOhOI<vv+#E!vvAvv9LGCJvv9Yvv+vv{hG !vvAvv9LGAvv+vv(GPGC(Fvv(OI,
hGSvvvAvvvMvvvOGeG}Svvv}vvvOIGyvvvgvvv]vvv(*vvv?GCJvvvOhOIGyvvv"vvv9:vvv?|vvv#GAvvv+vvv(G!vvv9JC*vvv]vvv9

k
,pvvv+vvv}vvvwvvv#Ivvvqvvve

hYvv+vv9!vv?!vvWvv9_vv9JLvvZvv(<vv?GyvvAvvQHG}LvvQi|vvDvv{fvv}vvz+9JEvv%vv+vvOGyvvAvvQHh@vvWvvGvv+vvhRQGfvv?
GCJ9Y+{f=Qf}z+9JG QV9OhGyAgz+~.

HvvvvvGC"at?V=&GyQ_=?

@vvAvvzyvvrGC"vvavvtvv?Gyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?Vvv=vv&GyvvQ_vv=vv?|vv#!vv}vv(PL!vv=vv9@vv9JGyvvTvv9pvv9!vv9(Savanna

Type Vegetation),h@vvjvvavv,$vvPgGC"vvavvtvv?svvQG<vv?16pvv,GC8vv?|vv#|vvTvv9Ivv?G svvz+~.h@vvWvv}vv{
Ohdiv(*v9!v9h<v+Tv9hhCFvRGA|v#GyvOhdGyv(Gsvgv?pv,GC"vavtv?GyvQ_v=v?,fvOGy+=v+vQ*v9hCFvRGAC*v]v9

k

|v#Ohd<v+"v_h|v9[h<v(Qvv+"9pv9Sv(hGyvTv+"+vjv9d.h9vav{pv,GC"vavtv?|v9<v+#1000vvvvv1500
|v~3|v#G}|vav9QSv"v(*v9

k
hyvO9v9pvAvQI!v}v(@vtvh<v+#6vvvvv8CVv%vQ(18).h|v#Sv}v9J$vPgGC"vavtv?

Cf
q

QVvKGyvgv"v9YvQGyvjvPGFv+v?Csv{
q

fv}v(|v9
k

|v#GC"vavtv?GyvQ_v=v?,pv,Iv_Cf@vO$v(QGyvAvQHvv=v+vQ
pv+vR*v9Fv+v9

k
fv=vQ@v5vvzv%v9hpvtvO<v"v+vAv%v9.vvPyvx*vgvAv=vQ|vQVGCDvtv=v+v9J(Trypanosomiasis)|vWvwvzv?

vvvv=vvv+vvvQI$vvv"vvv9C*vvv]vvv9
k

,pvvv,Ivvv_Cffvvv}vvvz+?LvvvzvvvbC!vvvdvvv}vvv?G !vvvAvvv9LGyvvv"vvv=vvv9OhGAvvv+vvv(GPCvvvvDvvvQ
h\(I9

k
,<T=>GyAQHGyDt+z?GC(F(OIGyA,:g{f}z+?GAQGC?CvDQQ<J9

k
.

$vv"vv9c@vv=vv9*vv#hGSvvh<vv+#GCJvv9Yvv+vv{GyvvjvvPGFvv+vv?hGyvvgvvzvvqvv+vv?pvv,$vvPgGC"vvavvtvv?,Vvv9|vv;
k

:

(17)GFVJQ&lP-.
(18)GFVJQ&lP-.
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GyvvPQIGyvvZvvqvvQGAhGyvvPQIGC+vvzvvBhGyvvTvv(QFvv(ehGyvvwvv9Svv9pvv9hGy+9ehpvvTvvAvvuGyvvgvv=vv+vvOhGyvv=vvtvv(y+9J
Gyvvgvvzvvqvv+vv?hGyvv=vv9R:AGyvvgvvzvvqvv+vv?pvv,$vvPgGC"vvavvtvv?.h|vv#GCgvvAvvtvvOCf$vvPgGC"vvavvtvv?$vv,GAvv9h*vv?fvv̂
Cfvv̂GyvvtvvOQGJG !vvAvv9Fvv+vv?pvv,ivvQHCpvvQ*vvtvv+vv9 !vvAvv9LGAvv=vv(HhGyvvzvvJvv~hGAvvz+>.hGC;Ivve
Cf
q

$vvPgGC"vvavvtvv?:@vvTvvAvvavv+vvh;vvtvv+vvu$vvPgGyvvtvvOQIGyvvwvv9|vv"vv?|vv9D;vvtvvuC|vv"vv%vv9GyvvjvvPGFvv,Ch:
k

,
h|vv#Cvv~q@vvTvvAvvavv+vvh@vvZvvO*vvQGyvvqvv9Fvv̂|vv"vv%vv9.h*vv=vvOhCfGSvvAvvMvvOGeGyvvAvvtvv"vv+vv9Jh<vvMvv9Yvv?G6:J
GyvvvRQGfvvv+vvv?|vvv"vvv%vvv9hGfvvvO<vvvTvvv=vvv>Gyvvv"vvvtvvv[Gyvvvwvvv=vvv+vvvQpvvv,G}VvvvGvvv9Q|vvv#Fvvv%vvv?,hvvvv(f|vvvgvvvdvvv~
G}QG\v,|v"v=vTvav?|v#Fv%v?Cv9!v+?,E:Cf

q
GSvAvMvOGeG@vQGQGJ<vQ$v#fv̂fvOeQ<vJv+vAv%v9,

<vvTvv=vv>GAvv9Fvv?GC9Svv? FvvQGAGyvvgvv}vvz+9JGyvvRQGfvv+vv?Lvv;dpvvAvvQIsvvZvv+vvQI|vv#GyvvR|vv#,|vvTvv=vv=vv?
<vPyvxCR|v9J<v+#GyvtvOQGJG !vAv9Fv+v?CTvAvMvO|v+v%v9,h|v9!vgv?GyvAvwv9y+rGyvDv9<vAv?Gyvgv9y+?|v#
G:!vAvWv9Qfv̂|vTv9Iv?hGSvgv?.yvPyvx:<vO

q
yv;SvAvQG@v+Gv+v9J|v#Ofv~fv}vz+?EOLv9d@vQ<v+?

GA+(G!9J,h@tO*~GyT;:JGCt9h|?y~|QGV,h;T_Gy="+?GyZJ+?Gy=+aQ*?.

yvvvtvvvOyvvv(IvvveC!qvvv&pvvv,GC"vvv9_vvvuFvvv+vvvOIGyvvv(Yvvv(dE]G}Svvv(Gb(|vvvDvvv{GC"vvv9_vvvuGCJvvv+vvvavvv?
<vvwvv9Oh!vv9(Kaduna)pvv,!vv+Gvv+vvQ*vv9,Ch<vv9|vv9vvv((Bamako)pvv,|vv9[,$vv"vv9cCGvv+vv?hG\vvJvv?
yvvAvvTvv}vv_GAvv+vv(G!vv9JhE!vvAvv9LGAvvz+>.hyvvAvvJvvtvv+vvuPyvvx@vv|Oj!vvWvv9_vv9JG QVvv9OGyvvRQGfvv,
hGyvvAvvgvvz+~h@vv(pvv+vvQGyvvtvvQhV,OhQG

k
|vv%vv}vv9

k
pvv,@vv=vv"vv,@vvtvv"vv+vv9JE!vvAvv9LG}fvv;ayvvzvvJvv+vv(G!vv9J

vRQGf?Gy=t(y+9JGygzq+?GyA,@T9fOf^<R*#LZ(<?GyAQ<?.

vvvvvPyvvvvx@vvvv(FvvvvOG}Yvvvv"vvvv9aGyvvvvgvvvv9y+?Gyvvvvjvvvvzvvvv?(High-Yielding Varieties)yvvvvOi|vvvvgvvvvdvvvv~
GCJv9Yv+v{GCRQhfv?pv,GC"vavtv?(|vDv{GyvPQIGyvZvqvQGAhGyvTv(QFv(ehGC+vz+Bhpv(dGyvZv(*v9
h<vv9R:AG}<vvtvv9Q),E:C8vv9ivv+vvQ|vvAvv=vv"vv9I<vvWvvwvv{hGSvvhpvv,GC"vv9_vvuhG}QG\vv,GC"vvMvvqvv]vv?
|vvgvvO:JG}|vvavv9QhGyvv]vvgvv+vvqvv?Gyvv(Yvv(dE]G}Svv(Gb,EPEfGSvvAvvMvvOGeG}Svv}vvOIGCQ@vvqvvgvv?
GyvvvAvvvwvvv9y+rhGyvvv;R|vvv?yvvv~Yvvv"vvv9aGyvvvgvvv9y+?Gyvvvjvvvzvvv?,*vvvtvvv(OE]@vvv5vvvv{Q<vvvJvvv+vvv?$vvvPgG}Yvvv"vvv9a
h<vvMvv9Yvv?<vvgvvOEyvvjvv9AG fvv9!vv9JhGAvv(GpvvRGCAvvgvvzvvtvv?<vv9}Svv}vvOI.E\vv9pvv?E]Pyvvx,ivv9yvv=vv9

k
|vv9

*vwv(fGyvavzv>fv̂GyvjvPGApv,Gyvtvav9YGyv;RQGfv,(Nonagricultural Sector)\vgv+vqv9
k
<vTv=v>

IvvvvvOhO*vvvvv?Gyvvvvvavvvvvzvvvvv>GAvvvvv]vvvvvQj(Urban Demand),hfvvvvvOevvvvvvqvvvvv9*vvvvv?GyvvvvvZvvvvv9OQGJhQLvvvvv[

GCTvvAvv(QOGJGyvvjvvPGFvv+vv?.yvvPyvvxhyvvAvvJvvtvv+vvuGyvvtvvOQIG !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?yvvzvv}vv"vvavvtvv?,Kvv>EKvv9O
G}Yvvv"vvv9aGAvvvO*vvvDvvv?hGCtvvv9h|vvv?GyvvvAvvv,@vvvTvvvAvvvGvvv+vvv>Ch@vvvAvvvGvvv9hH<vvvWvvvwvvv{Fvvv+vvvO|vvvhGyvvvwvvv}vvv+vvv9J
GyvvvZvvvjvvv+vvvQI|vvv#GCOLvvv;JGBvvv9QFvvv+vvv?(External Inputs)Gyvvv;R|vvv?.hKvvv>Cf@vvvtvvv9<vvv{$vvvPg
G}Yvvvv"vvvv9aCPhGbGyvvvvTvvvvwvvvv9fGCJvvvvz+?,<vvvvJvvvv+vvvvE@vvvvQ\vvvv,GCRGQfvvvv_|vvvv#Fvvvv%vvvv?,hG}Svvvv(Gb
GAvvv]vvvQ*vvv?GCJvvvz+?Ch_vvvzvvv=vvv9JGyvvvAvvvZvvvO*vvvQ|vvv#Fvvv%vvv?Cvvv9!vvv+?.E\vvv9pvvv?E]Pyvvvx$vvv"vvv9cIvvv9Fvvv?
yvvzvvGvv%vv(OGCDvv+vvQICjGyvvAvv,@vvR*vvOGyvvavvzvv>,h*vv}vvwvv#Cf*vvAvv~qPyvvxfvv#_vvQ*vvuG:SvvAvvDvv}vv9Qpvv,
<"9AGyaQbh;T_GCG9dGyAT(*t,h@gR*RGyta9YGyQ*q,Gy;|RQf,.
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LvvvvvGC"at?V=&G@9p?

@vvvjvvvavvv,GC"vvvavvvtvvv?Gyvvv=vvv+vvv8vvv+vvv?GyvvvRQGfvvv+vvv?Vvvv=vvv&G@vvv9pvvv?svvvQG<vvv?20pvvv,GC8vvv?|vvv#|vvvTvvv9Ivvv?G svvvz+~
h9vav{pv+v%v9|v9<v+#500vvvvv1000|v~3|v#G}|vav9QSv"v(*v9

k
,hyvO9v9pvAvQI!v}v(@vtvh<v+#3vvvvv

6CVvvv%vvvQ(19).CQG\vvv,$vvvPgGC"vvvavvvtvvv?pvvvtvvv+vvvQIhpvvv+vvv%vvv9svvvZvvv(QhG\vvvKpvvv,fvvv"vvvZvvvQjG}RhJ
hGyvqv(Svqv(Q.h@vgv}v{OQFv9JGAvQGQIGCQ@vqvgv?fv̂SvQfv?@vO$v(QGC9OIGyvgv]v(*v?Gyv"v=v9@v+?,
h<vvqvv̂_vv9svv?IvvqvveGyvvAvvQ<vv?yvvzvv}vv9A(Water-Holding Capacity).h@vvAvv}vvDvv{C$vv~GCJvv9Yvv+vv{
GCRQhfvv?<vv9yvvTvv(QFvv(ehGC+vvzvvBhpvvTvvAvvuGyvvgvv=vv+vvOh<vv9R:AGyvv=vvtvvQhGyvvtvvavv#.h@vvTvv(OG}!vvdvv}vv?
GyvvRQGfvv+vv?GBvvz+avv?(GCJvv9Yvv+vv{vvvvv@vvQ<vv+?GAvv+vv(G!vv9J)pvv,G}QG\vv,PGJ|vvgvvO:JG}|vvavv9Q
Gyvgv9y+?!vTv=v+v9

k
.h@vgvAv=vQC|vQGVGAv+v(G!v9J,h<vMv9Yv?|vQVGCDvtv=v+v9J(Trypanosomiasis),

Csv{G!vAvWv9QG
k

|v"v&pv,G}QG\v,GyvQ_v=v?h!vZvrGyvQ_v=v?.<vWvwv{fv9eLv9pveG !vAv9LGAv+v(GP
f^p9FO@&GyA"9pT+?yAJO*OG !A9LGA+(GPp,GC"9_uGyQ_=?h!ZrGyQ_=?.

$vvPGh*vv}vvwvv#E!vvAvv9LGCJvv9Yvv+vv{pvv,G}QG\vv,Gyvvqvvtvv+vvQIhGC"vvMvvqvv]vv?GCgvvO:JGCavvQ*vv?
(fvvOGGCJvv9Yvv+vv{Gyvv"vvtvvO*vv?|vvDvv{pvvTvvAvvuGyvvgvv=vv+vvOh<vv9R:AGyvv=vvtvvQhGyvvtvvavv#),|vvh@vvwvvQ*vvU<vvgvv̂
GC(GQOyvvvv5!vvvvAvvvv9LGAvvvv+vvvv(GP6vvvvOaGyvvvv=vvvvtvvvv9Apvvvvtvvvvb(<vvvv9SvvvvAvvvvDvvvv"vvvv9AGC"vvvv9_vvvvuG@vvvv+vvvvOIGyvvvv(Yvvvv(dE]
G}Svvv(Gb).hyvvvAvvvJvvvtvvv+vvvuGyvvvtvvvOQIGyvvvwvvv9|vvv"vvv?yvvv%vvvPgGC"vvvavvvtvvv?,h<vvvMvvv9Yvvv?pvvv,G}QG\vvv,G@vvv+vvvOI
Gyvvv(Yvvv(dE]G}Svvv(Gb,Kvvv>@vvvQvvvv+vvvRG:SvvvAvvvDvvv}vvv9QGJfvvv̂fvvv}vvvz+9JG QVvvv9OhGyvvvAvvvgvvvz+~
hsvvvvQhV<vvvvQG|vvvvH@vvvvTvvvv}vvvv_GAvvvv+vvvv(G!vvvv9J,hE!vvvvAvvvv9LGAvvvvz+>h;vvvvTvvvv_fvvvv}vvvvz+9JGyvvvvAvvvvTvvvv(*vvvvu
hGyAT%+;JGyZJ+?.

Ef
q

GSvAvgv}v9dpvTvAvuGyvgv=v+vOh<vPhQGyvtvav#(Gyvjv"v+v?<v9yv=vQh@v+#vv}v"vAvGv9JCv9!v(*v?!v9:v?
|vvv#@vvvZvvv"vvv+vvvhGyvvv=vvvPhQE]R*vvv(JhE]Cfvvv;a)yvvvAvvvjvvvP*vvv?GAvvv+vvv(G!vvv9J,Kvvv>Cf@vvvTvvv%qvvv{
fvv}vvz+9JGyvvAvvwvvDvv+vvr.vvv}vv9Kvv>Cf@vvAvv(GpvvQfvv}vvz+9JG svvQGVhGyvvAvvOQ*vv>6vvOa@vvavv(*vvQ
GyvvZvv"vv9fvv?GCJvvz+?yvvR*vvBpvvTvvAvvuGyvvgvv=vv+vvOh<vvPhQGyvvtvvavv#h;vvTvv_fvv}vvz+9J@vvTvv(*vvu$vvPg
GC"vAvGv9J.$vPGh@v(FvOyvzvJv+v(G!v9JGyvZvjv+vQIGyvTv9FvOIpv,GC"v9_vuGyv=vgv+vOI,ChGC"vgvRyv?,
CGvv+vv?Cvvv=vvQ|vv#svvavvgvv9fG}<vvtvv9Q!vvdvvQG

k
E]Svv%vv(yvv?;vv(yvv%vv9fvv=vvQGCTvv9pvv9JGyvvavv(*vvzvv?.fvv}vv(|vv9

k

$vv"vv9cIvv9Fvv?|vv9Svv?yvvwvv{|vv#G QVvv9OGyvvRQGfvv,hLvvO|vv9JGyvvQfvv9*vv?GyvvZvvJvv+vv?Gyvv=vv+vvavvQ*vv?
BvvvO|vvv?$vvvPgGAvvv+vvv(G!vvv9J.<vvv{CvvvvDvvvQ|vvv#Pyvvvx,*vvvgvvvAvvv=vvvQvvvv{|vvv#GyvvvAvvvgvvvz+~hGyvvvAvvvOQ*vvv>pvvv,
Gyvv"vvWvv9_vv9Jivv+vvQGCRQfvv+vv?|vv#G}|vv(QGAvv+vv(*vv?h<vvMvv9Yvv?yvvzvvTvvwvv9fGyvvP*vv#*vv=vvJvvDvv(ffvv#
Gy%GQIE]GC"9_uG}vDQ@q]+;

k
.

(19)GFVJQ&lP-.
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OvvvvvGC"at?G@9p?

@vvvjvvvavvv,GC"vvvavvvtvvv?Gyvvv=vvv+vvv8vvv+vvv?GyvvvRQGfvvv+vvv?G@vvv9pvvv?FvvvRAG
k

vvvv=vvv+vvvQG
k

|vvv#G svvvz+~(54pvvv,GC8vvv?),
h@vvWvv}vv{|vvgvvdvv~OhdGyvvAvvWvv9Oh|vv9[h|vv(Q*vvAvv9!vv+9hGyvv"vv+vvGvvQ.9vvavv{pvv,$vvPgGC"vvavvtvv?Csvv{|vv#

500|vvv~3|vvv#G}|vvvavvv9QSvvv"vvv(*vvv9
k

h:@vvvAvvvGvvv9hRpvvvAvvvQIGyvvv"vvv}vvv(Cvvv;Cvvv?CVvvv%vvvQ(20).h@vvvgvvvAvvv=vvvQ$vvvPg
Gyvvvwvvv}vvv+vvv?|vvv#G}|vvvavvv9Qivvv+vvvQvvvv9pvvv+vvv?h|vvvAvvv=vvv9*vvv"vvv?vvvvDvvv+vvvQG

k
,vvvv}vvv9Ef@vvvQH$vvvPgGC"vvvavvvtvvv?\vvvJvvvzvvv?

(Shallow)h|vv9Avv?(Saline)h|vvAvvwvvzvvTvv?(Calcareous)h|vv"vvMvvqvv]vv?GC9OIGyvvgvv]vv(*vv?,h@vvWvvwvv{
LvvvvavvvvQG

k
fvvvv̂|vvvvWvvvv9Q*vvvvhRQGfvvvv?GCJvvvv9Yvvvv+vvvv{.h@vvvvgvvvvAvvvv=vvvvQC!vvvvdvvvv}vvvv?GyvvvvQfvvvv,Gyvvvv=vvvvOh*vvvv?hGCAvvvv"vvvvtvvvvzvvvv?

(Transhumance)Gyvvvtvvv9Fvvv}vvv?fvvv̂|vvv=vvvOEGCWvvv9Y,$vvv,G}!vvvdvvv}vvv?GyvvvRQGfvvv+vvv?GyvvvTvvv9FvvvOI.h<vvvTvvv=vvv>
Gyvv]vvjvvbGyvvTvvwvv9Ph@vvO$vv(QGC"vv9_vvuGyvvQfvv(*vv?hR*vv9OICR|vv9Jh|vvWvv9vvv{Ivvtvv(bGCzvvwvv+vv?,
RGOJfvvv}vvvz+?@vvvwvvvDvvv+vvvrG !vvvAvvv9LGAvvv+vvv(GPh<vvvMvvv9Yvvv?pvvv,GC"vvv9_vvvuG}svvv{Q_vvv(<vvv?.hyvvvPyvvvx
cv%vQJGAv9Fv?E]vv{|v#G}Yv"v9aGAvO*vDv?GCtv9h|v?yvzvGvqv9a,hE]fv}vz+9JG QVv9O
h@vvgvvz+~@vvtvv"vv+vv9JIvvqvvevvv{|vv#GyvvAvvQ<vv?hGC+vv9g.pvv,\vv(APyvvxpvv{f

q
fvv}vvz+?Gyvv%vvGvvQIyvvzvvwvvDvv+vvQ

|vv#Svvwvv9f$vvPgGC"vvavvtvv?E]GC"vv9_vvuG}vvvDvvQLvvZvv(<vv?hG}svv{\vvjvvavv9
k
yvvzvvQ_vv(<vv?,yvv;!vvMvvQGW

pvv,Gyvv"vvWvv9_vv9JGyvvRQGfvv+vv?Chivv+vvQGyvvRQGfvv+vv?,GfvvAovv=vvQJG:SvvAvvQG@vv+Gvv+vv?Gyvv(Ivv+vvOI:SvvAvv}vvQGQ*vv?
GAvvv+vvv9I.h<vvv9yvvvAvvv9[$vvv"vvv9cIvvv9Fvvv?|vvv9Sqvvv?yvvvzvvvAvvvOQ*vvv>fvvv̂!vvvdvvv9eGyvvvRQGfvvv?GCAvvvOGLvvv{(RQGfvvv?
GCJvvv9Yvvv+vvv{h@vvvQ<vvv+?GAvvv+vvv(G!vvv9J)hGyvvv"vvvWvvv9_vvv9JGyvvv;|vvvRQfvvv+vvv?.C|qvvv9<vvv9yvvv"vvvTvvv=vvv?E]G}pvvvQGOCh
GyvvTvvwvv9fGyvv=vv9svv_hGyvvgvv9|vvz+#vvvQfvv9I,pvv+vvGvv>;vvTvv_Ivvtvv(b|vvzvvwvv+vvAvv%vv~hpvvtvv9

k
yvv"vv(YGCQGfvv,

hGC(GQOGC9Fvvv+vvv?hIvvvtvvv(bGyvvvAvvv"vvvtvvv{<vvv+#$vvvPgGC(GQO!vvvdvvvQG
k

}Gvvv+vvvAvvv%vvv9.h*vvv}vvvwvvv#;vvvTvvv_$vvvPg
GBvvvavvv(I<vvv9SvvvAvvvgvvv}vvv9dGC(GQOGC9Fvvv+vvv?hGyvvvQfvvv(*vvv?GCAvvv"vvv9CvvvQIGyvvvTvvv9FvvvOI(C!vvv(GYG}fvvvWvvv9HGyvvv"vvv9|vvv+vvv?
S"(*9

k
)$"9h$"9c.

5vvvvvOhQGygz(eGyRQGf+?
*vvWvvxGyvvgvvO*vvO|vv#|vvAvvMvvPjGyvvtvvQGQGJhGyvv=vv9IvvDvv_GyvvRQGfvv+vv_<vvqvvgqvv9y+?G:SvvAvvDvv}vv9Qpvv,

Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?pvvv,G}QG\vvv,ChGC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;
k

,EPEfIvvv9:JGyvvv"vvv}vvv(
|vvAvv=vv9*vv"vv?FvvOG

k
hivv9yvv=vv9

k
|vv9@vvwvv(fIvvOq*vv?hLvvavvQI,h<vv9yvvAvv9[pvvAvvJvvTvv_GyvvAvvtvv"vv+vv9J*vv}vvwvv#Cf

*t(OE]:

vvvvvE!A9F+?|"Mq]?<9CA(Sb.

vvvvvi+QFPG<?yz}RGQf_<T=>LaQptOGCOL;Jp,GyT"(GJGyQO*8?.

(20)GFVJQ&lP-.
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vvvvvfvOeGSvAvgv}v9yv%v9fv̂!vav9bhGSvh(<vgvwvU@vtv"v+v9JGyvDv(QIGBv]vQGAGyvAv,G!vAvWvQJ
f^fWQGJGC;*_|#$wA9QGJG}QG\,).

h*vOQcGCQAYvgv(<v?GSvAvMvOGeGyvAvtv"v+v9JhvvPyvxvvzvqv?@vav(Q$v9GCQ@vqvgv?.h|v#Ohf
Vvx$v"v9c<vgv̂G}SvUyv%vPGGyvtvzvuh<vMv9Yv?yv=vJv(K;vTv_GyvTvzvh.hyvwv#,hvv}v9$v(
|vv(\vvKpvv,Gyvv%vv"vvO,*vv}vvwvv#Gyvv=vvJvv(KGyvvRQGfvv+vv?Cf;vvZvv{fvv̂@vvzCvv+vvQGJEKvv9<vv+?yvv5!vvAvv9Fvv+vv?,
h<vv9yvvAvv9[E]Lvvqvv̂GyvvqvvtvvQpvv,<vvgvv̂Gyvv"vv}vv9PLyvv~QG\vv,G}svv{@vvqvv]vv+vv;

k
.fvv}vv(|vv9

k
;vvAvv9L

Gyvv=vvJvv(KhGyvvAvv"vv}vv+vv?(Research and Development (R&D))pvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

,E]
G:SAG9<?y%PGGytzu<aQbhGsg+?.

CvvvvvGytOQGJGyw9|"?Gyq+R*9F+?vvvvvGA+(*?
E!qvv&}|vvQ|vv%vv~|vvgvvQpvv?GyvvtvvOQGJGyvv=vv+vv(pvv+vvR*vv9Fvv+vv?Gyvvwvv9|vv"vv?yvvR*vv9OIE!vvAvv9Fvv+vv?G}QV|vv#

G}!vv(GYGCMvvAvvzvvqvv?pvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

;pvv{PGvvv9!vvB$vvPgGyvvtvvOQGJG !vvAvv9Fvv+vv?y+TvvB
vvv=vv+vvQIChCvvvDvvQ<vvwvvDvv+vvQ|vv#GCTvvAvv(*vv9JGyvvAvv,LvvZvv{fvvz+%vv9GCRGQY,pvv}vv#GCJvvAvv}vv{C:@vvwvv(f
Gyvv=vvJvv(KhGyvvAvv"vv}vv+vv?ivv+vvQ|vvqvv+vvOICh|vvTvv9fvvOI,pvvzvvzvvgvvO*vvO|vv#GC"vv9_vvuChGCTvv9Ivv9JG}svv{
@vvqvv]vv+vv;

k
Vvv}vvUvvv9pvv+vv?h|vvAvv(Svvb7vvavv9dm|vvavvQj

u
Svv"vv(jvvv9amC*vv]vv9

k
,yvvzvvJvvZvv(dfvv̂ivv;d

Fvv+vvOI,E:Cf
q

Gyvv"vvtvv[GC"vv9Svv>pvv,fvv"vv9YvvQ@vvjvvP*vv?G}QVhG}OhGJGyvv;R|vv?AvvqvveGC+vv9g
h<vR*v"v%v9E]hsvBGAv9Fv?,*vgv(b;vtv+vu$vPgGyvjv;d.yvtvO<v+q"vBOQGSv?|v(O*v;Jyv=vgv̂
Gyvv"vv=vv9@vv9J(GCJvv9Yvv+vv{)|vvDvv;

k
C!qvv&*vv}vvwvv#|vv]vv9fvvqvv?ivv;d<vvgvv̂Ivv9Yvv+vv{GAvv=vv(HGCavvQ*vv?pvv,

GC"v9_vuG:SvAv(GFv+v?Vv=v&G@v9pv?pv,ivQHCpvQ*vtv+v9IvAv)Cv;Cv?C\vgv9aEPG@v(GpvQJGyvgv"v9YvQ
GyvjvPGFv+v?pv,GyvAvQH,h<vMv9Yv?Gyvqv(Svqv(Q,<vgvOGyvAvjvzv>ChGyvTv+vavQIfv̂IvOOGJGyvQ_v(<v?
GC(Svv}vv+vv?hGC"vv9Svv=vv?.h<vvWvvwvv{Fvv9Cvv{GsvvAvvQIvvBGyvvAvvGvv9QHGAvvtvvz+?GC=vv"vv+vv?fvv̂R*vv9OIGyvvgvv"vv9YvvQ
GyvvjvvPGFvv+vv?yvvzvv"vv=vv9J(GyvvAvvOGLvv{<vv+#GSvvAvvMvvOGeGyvvZvvMvv(QGyvvqvv(Svvqvv9@vv+?hRQGfvv?Gyvv=vvtvv(y+9JGAvv=vv+vvv?
ChIvv9Yvv+vv{GyvvAvvjvvavv+vv?h;vvTvv_fvv}vvz+?@vv=vv(*vvQG}QV)E|vvwvv9!vv+?R*vv9OIE!vvAvv9Fvv+vv?G}QV|vv9<vv+#

100vvvvv200p,GC8?p,<g^<+89JGC"9_uG}s{@q]+;
k(21).

h@vvgvvAvv=vvQfvv}vvz+9J@vvQ<vv+?Gyvv"vv=vv9JGIvvAvv}vv9:J|vv%vv}vv?Ctvv9h|vv?Ivv9:JGyvv]vvjvvbvvv9@vvqvv9a
hGCzvv(Ivv?hGyvvtvvzvv(*vv?,pvvtvvO<vv+q"vvBGyvvOQGSvv9JhGyvvAvvGvv9QHCf

q
$vv"vv9cE|vvwvv9!vv+?vvv=vv+vvQIyvvR*vv9OI

Gyvjv;dIvAv)pv,Iv9yv?hFv(O|v+vRG!v+9J|vtv"v"v?yvAvjvP*v?hQ_v(<v?GyvAvQ<v?.h@vtvAvQM$vPgGyv"vAv9FvH
<vvvzf

q
|vvvgvvvdvvv~GC"vvv9_vvvuG}svvv{@vvvqvvv]vvv+vvv;

k
yvvv%vvv9svvvOQGJE!vvvAvvv9Fvvv+vvv?<vvv+(pvvv+vvvR*vvv9Fvvv+vvv?FvvvO*vvvQI<vvv9:fvvvAvvv=vvv9Q

(Considerable) !vvGvv9Rivv;dCvvvDvvQGQ@vvqvv9fvv9
k
.pvv,$vvPGGCGvv9d*vvAvv}vvDvv{GyvvAvvJvvOjG}vvv=vvQCh

(21)Shawki Barghuti and Peter Hazell, «The Role of Agricultural Science (Brief 9),» in: Ibid.
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GAvtv+vtv,pv,EKv9OGyvavQbGyv=v+v8v+v?hGCQ<vJv?GCTvAvOG|v?yvzvJvZv(dfv̂$vPgGyvtvOQGJGyvwv9|v"v?
p,R*9OIGyjz?.

$vvPGh:@vvTvvAvvavv+vvhfvv}vvz+9JGyvv=vvJvv(KhGyvvAvv"vv}vv+vv?yvv(IvvO$vv9|vv(GFvv%vv?$vvPGGyvvAvvJvvOjpvv,
GC"vvvv9_vvvvuG}svvvv{@vvvvqvvvv]vvvv+vvvv;

k
,yvvvvPyvvvvx@vvvvAvvvvavvvvzvvvv>GC%vvvv}vvvv?Svvvv+vvvv9Svvvv9Jsvvvv9OQIh|vvvv|SvvvvTvvvv9JIvvvvz+?

hGSvAvDv}v9QGJIvwv(|v+v?pv,Gyv=v"v+v?GyvQ*vqv+v?hGyvZvJv?hGyvAvgvz+~yvzvTvwv9fGCJvz+_.hyvtvOEvBq

|vv"vv9svvWvv?$vvPgG}|vv(Qpvv,QSvv9Fvv{Lvv9Yvv?!vvWvvQ$vv9|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGAGyvvgvv9C,
(IFPRI),C|vv9

q
$vv"vv9pvv"vvJvv#!vvQvvvRfvv̂GBvvavv(WGyvvgvvQ*vv]vv?:SvvAvvQG@vv+Gvv+vv9JGyvv=vvJvv(KhGyvvAvv"vv}vv+vv?

yz}"9_uG}s{@q]+;
k
.

HvvvvvGSAQG@+G+9JGy=J(KhGyA"}+?yz}"9_uG}s{@q]+;
k

(1)@Q<+?Gy"=9J

@vvvgvvvAvvv=vvvQfvvv}vvvz+?@vvvQ<vvv+?Gyvvv"vvv=vvv9J6vvvOa@vvvavvv(*vvvQh;vvvTvvv_G}Yvvv"vvv9apvvv,GC"vvv9_vvvuG}svvv{
@vvqvv]vv+vv;

k
,C|vvQG

k
Ivv+vv(*vv9

k
 !vvGvv9RGyvvjvv;dGyvvgvv9y+?(|vvDvv{CYvv"vv9aGCJvv9Yvv+vv{GyvvjvvPGFvv+vv?hGyvv"vvtvvO*vv?

hG}vvvvvDvvvvQGIvvvvAvvvv}vvvv9:
k
yvvvvzvvvvGvvvvqvvvv9a,hIvvvv9:JGyvvvvAvvvvQHGyvvvvqvvvvtvvvv+vvvvQI,hvvvvvPyvvvvxGCtvvvv9h|vvvv?yvvvv7pvvvv9J

hG}|vvvQGV).h*vvv}vvvwvvv#_vvvQb@vvvQ<vvv+?Gyvvv"vvv=vvv9JGyvvvAvvvtvvvz+O*vvv?Cf@vvvTvvv9$vvv~<vvvOhQpvvvgqvvv9d,E:Cf
q

GyvvvAvvvtvvv"vvv+vvv9JGAvvv+vvv(*vvv?(Biotechnology)svvv9OQIfvvv̂pvvvAvvvKpvvvQUFvvvO*vvvOIyvvvzvvvAvvvQ<vvv+?,E\vvv9pvvv?E]
@tZ+QGyR|#Gy;ReyAa(*QG}Y"9aG}p]{.

(2);T_EOGQIGC(QOGya=+g,

$vv"vv9cE=vv9Y|vvAvvRG*vvOfvv̂Cf
q

C*vv?;vvTvv+"9JCSvv9Svv+vv?yvv5!vvAvv9Fvv+vv?@vvAvvavvzvv>Ch:
k

;vvTvv_
EOGQI@vvavv=vv+vvtvv9Jh@vvtvv"vv+vv9JGC(QOGyvvavv=vv+vvgvv,,h<vvMvv9Yvv?|vv9*vvAvvgvvzvvu<vvMvvZvv(<vv?GyvvAvvQ<vv?hIvvZvv9O
GC+vv9g.h@vvAvv(GpvvQyvv%vvPgGyvvAvvJvvTvv+"9JGyvvtvvOQGJGyvvwvv9|vv"vv?yvvR*vv9OIGyvvjvv;d}Yvv"vv9aGCJvv9Yvv+vv{
GC(Fvvv(OI.vvvv}vvv9E8vvv9@vvv"vvvWvvvr<vvv+8vvv9JIvvv=vvv=vvv?CvvvvDvvvQyvvvR*vvv9OIGCOpvvv(fvvv9JGyvvv(GQOI|vvv#CYvvv"vvv9a
GCJvv9Yvv+vv{GCJvvTvv"vv?.h@vvAvv=vv9*vv#!vv}vv9PLGyvvAvvJvvTvv+"9JGCavvzvv(<vv?pvv,EOGQIGC(QOGyvvavv=vv+vvgvv,vvvDvv+vvQG

k

hpvvtvv9
k
yvvzvvgvv9|vv{G}vvvDvvQ;vvO*vvOG

k
yvv5!vvAvv9Lfvv=vvQIvv9:JGyvv=vv+vv8vv9JGyvvRQGfvv+vv?,hhpvvtvv9

k
yvvzvvgvv(G|vv{

G:FA}9f+?hG:sAZ9O*?G}LQi.

(3)Iz(dGCW9v{Gyw=+QI

|vh@v(GpvQGyvAv"v(YGyvwv=v+vQpv,G}h\v9YGCJvz+?,Kv>fv̂Gyv=vJv(KhGyvAv"v}v+v?GBv9Yv?
<vvv{OGQI|vvvWvvv9vvvv{GC(QOGyvvvavvv=vvv+vvvgvvv,Cf@vvvQvvvvRfvvv̂@vvvzvvvxGCWvvv9vvvv{Gyvvvgvvv9|vvv?yvvvgvvvOO|vvv"vvv9Svvv>|vvv#
GyvvTvvwvv9fGyvvqvvtvvQGA,hvvvPyvvxfvv̂@vvzvvxGCWvv9vvv{GyvvAvv,@vvTvvAvvavv+vvhsvv+vv9Svv%vv9|vv#GC(GsvvhG}Q\vv+vv?

(Benchmark Sites)pvvtvvb.h:;vvAvv9Lfvv}vvz+?Gyvvtvv+vv9S$vvPgE]:vv9!vvU=vv+vvhGC(Gsvvh,hE!vv}vv9
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;vAv9LpvtvbE]GC(GsvhGyvAv,!vQiv><vAvJvTv_EOGQI|v(QO$v9Gyvav=v+vgv,,<vJv+vE*v}vwv#@v=v"v+v%v9
<vvTvv%vv(yvv?h<vvwvvzvvqvv?pvvgvv9yvv?|vv#svv=vv{GyvvTvvwvv9fGCJvvz+_hGC|SvvTvv9JGyvvAvv,@vvAvvgvv9|vv{|vvhIvv9:J
|(Gsh!(f+?.

(4)@t"+9JGCOL;JGB9QF+?GC"Mq]?

!vvdvvQG
k

E]CfGyvvgvvO*vvO|vv#GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k
pvvtvv+vvQI<vv9yvv=vv"vv)GyvvAvvJvvAvv+vv?hGyvv(Yvv(dE]

G}Svv(Gb,pvv;*vv"vvZvvKGCRGQfvv(fGsvvAvvZvv9O*vv9
k
<vv9SvvAvvgvv}vv9dGCTvvAvv(*vv9JGCQ@vvqvvgvv?|vv#GCOLvv;J

GBvvv9QFvvv+vvv?.h!vvvdvvvQG
k

E]CfGyvvvgvvv}vvv9yvvv?GCwvvvDvvvqvvv?GyvvvAvvvtvvvz+O*vvv?$vvv,|vvv#C$vvv~@vvvtvvv"vvv+vvv9JGCOLvvv;J
GBvvv9QFvvv+vvv?GC"vvvMvvvqvvv]vvv?,hEvvvDvvv{|vvvhGC(Svvv}vvv+vvv?GCJvvvOOGyvvvQFvvv+vvvUhGC%vvv~pvvv,GAvvvZvvv(dfvvv̂
GyvvvOLvvv{,|vvv#Fvvv%vvv?CLvvvQi@vvv=vvvtvvv)fvvv}vvvz+9JGyvvvAvvv=vvv(*vvvQhGSvvvAvvvgvvv}vvv9dG}Svvv}vvvOIGBvvv]vvvQGApvvv,
G}QVhfvv}vvz+?Gyvvwvv(|vv=vv(SvvB(;vv(*vv{G}fvv;aGBvv]vvQE]CSvv}vvOIfvv]vv(*vv?),Lvv9QL
E!vvvAvvv9LGCJvvv9Yvvv+vvv{,|vvv"vvv9pvvvTvvv9

k
yvvvavvv9svvv?Gyvvvgvvv}vvv9yvvv?G}SvvvQ*vvv?GC}vvvwvvv#GSvvvAvvvMvvvOG|vvv%vvv9,h$vvvPGh\vvvh

Yvvgvv>yvvzvvgvvO*vvO|vv#GCRGQfvv_.h*vvAvv}vvDvv{GyvvAvvJvvOj$vv"vv9<vvAvvavv(*vvQ@vvtvv"vv+vv9JCOLvv;JLvv9QFvv+vv?
|vv"vvMvvqvv]vv?(Low-External-Input Technologies)@vvTvvAvvavv+vvhOfvv~vvv{|vv#Gyvvgvv}vv9yvv?hE!vvAvv9Fvv+vv?
G}QV.

(5)GyA"(*h

<v+"v}v9LvAv9LGCRGQfv(fE]@vtv"v+v9J;vTv_GCJv9Yv+v{GyvjvPGFv+v?,6vOaGyv=vtv9Afv̂sv+vO
GAvv+vv9I,@vvROGOG:IvvAvv+vv9Fvv9JGCJvvz+?pvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;

k
yvv%vv9,pvv{fR*vv9OIGyvvOLvv(d

GyvqvQO*v?@vAv(svrfv̂GyvAv"v(*vhpv,GC"vAv(Fv9JGyvRQGfv+v?Gyvgv9y+?Gyvtv+v}v?vv9C"vAv(Fv9JGAv+v(G!v+?
hGB]Q*?hGy"W9_9JGy;|RQf+?v9yAZ"+hGyRQGf,.

(6)It(bGCzw+?hGyg}{GCWAQcChG@}9f,

yvvtvvOIvv9hyvvBGyvv=vvJvv(KhGyvvAvv"vv}vv+vv?GyvvTvv9<vvtvv?pvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

,GyvvAvvQvvv+vvRfvv̂
CGvv+vv?!vvtvvavv?Gyvvgvv(G|vv{G:FvvAvv}vv9fvv+vv?hG:svvAvvZvv9O*vv?GC|SvvTvv+vv?,h<vvMvv9Yvv?fvv̂C!vvdvv}vv?Ivvtvv(b
GCzvvwvv+vv?GCJvvz+?hfvv̂GyvvtvvOQIGCJvvz+?fvv̂@vv"vvdvv+vv~Gyvvgvv}vv{GCWvvAvvQcGCTvvAvvOGe OGQIGC(GQO
Gyvav=v+vgv+v?.hyvtvO:v"qv=vB<vgv̂C$v~qGyvAvtv"v+v9JGyvRQGfv+v?Gyv"v9FvJv?$vPgGCWv9vv{(|vDv{CYv"v9a
GAvv=vv(HGyvvgvv9y+?G !vvAvv9LyvvzvvDvv(QIGBvv]vvQGA)}8vv9GSvvAvvavv9fvvBCf@vv"vvGvvKpvv,|vv(Svv~RQGfvv,
hGIvvOh<vv9yvvAvv9[D@vvAvvavvzvv>\vv}vv9fIvvtvv(bGCzvvwvv+vv?h:fvv}vv;

k
|vvWvvAvvQvvv9

k
,pvvtvvO@vv=vv"vv)GCRGQfvv(f

G}pvvQGO|vv9GfvvAvv}vvOgFvv+vvQG8vv~|vv#CYvv"vv9ah!vvWvv9_vv9JRQGfvv+vv?.hyvvtvvOFvvgvvzvvB$vvPgGC;|vvK
svvQGQGJGyvvAvv=vv"vv,CvvvDvvQSvv%vv(yvv?!vvTvv=vv+vv9

k
,hSvv9fvvOJpvv,VvvQMC9PGGSvvAvvavv9fvvB$vvPgG}Yvv"vv9a

Gyvvgvv9y+?Gyvvjvvzvv?G:!vvAvvWvv9Q<vvTvvQfvv?h<vvWvvwvv{hGSvvhpvv,G}h\vv9YG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?
GCAvv"vv(fvv?.hyvvwvv#Ivv+vvDvv}vv9hFvvOQhR!vv9|vv?yvvzvv=vvJvv(K,Kvv>GyvvAvvQvvv+vvRfvv̂G:SvvAvvgvv}vv9dGCTvvAvvOGe
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yvvzvv}vv(GQOGyvvavv=vv+vvgvv+vv?,h<vv9yvvAvv9[@vvZvv=vvKGCWvvQhfvv9JGC|SvvTvv+vv?CvvvDvvQh\vv(Ivv9
k

hVvv%vvQI;pvv}vvDvv;
k

RQGfvvv?G}VvvvGvvv9Q<vvv9CRQfvvv?@vvvgvvvAvvv=vvvQfvvv}vvvz+?GSvvvAvvvDvvv}vvv9Q_vvv(*vvvzvvv?G}Fvvv{h$vvv,@vvvAvvvavvvzvvv>\vvv}vvv9!vvv9
k

Avvvtvvv(bGCzvvvwvvv+vvv?hy+U<vvv9yvvv]vvvQhQIyvvvzvvvgvvv}vvv{GCWvvvAvvvQc.C|qvvv9fvvv}vvvz+?@vvv"vvv}vvv+vvv?GAvvvZvvv9OGC9Fvvv,
(Watershed Development),pvvvvAvvvvAvvvvavvvvzvvvv>C*vvvv]vvvv9

k
\vvvv}vvvv9!vvvv9

k
Avvvvtvvvv(bGCzvvvvwvvvv+vvvv?vvvvv(8vvvv9@vvvvAvvvvavvvvzvvvv>

GSvvAvvDvv}vv9QGJ_vv(*vvzvv?G}Fvv{h:*vv}vvwvv#!vvGvv9Ivv%vv9E:EPGvvv9fGCGvvAvv}vvhGCJvv\*vvgvv+vvX\vv}vv#
<v+8v?|v"v9Sv=v?*vTvAvav+vh|vgv%v9Ofv~Gyvgv}v{GCWvAvQc,pv{PGvv9!vBCh\v9YGC|SvTv9JD@vTvAvavh
|vtv9<vzv?$vPgG}|v(Q,pv}v#GCJvAv}v{C:*vAv~@v=v"v,$vPgGyvAvtv"v+v9JhYv+v9!vAv%v9<vjv̂Gyv"vdvQfv#
Q<J+A%9hY(79Gygz},.

(7)GCgQp?GCJz+?

Ef
q

GyvvwvvDvv+vvQ|vv#Gyvv=vvJvv(KhGyvvAvv"vv}vv+vv?GyvvAvv,;vvAvv9Fvv%vv9GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

,:;vv(j
Gyvgvzv(eGCAvtvO|v?h:IvAv)GyvAv=v"v,Gyv(GSvhyvzv}vgvQpv?GCJvz+?hG:LvAvQGfv9JGyvAvav=v+vtv+v?.hyvtvO
IvvvtvvvtvvvB<vvvgvvv̂GC"vvvdvvv}vvv9Jivvv+vvvQGAvvvwvvv(|vvv+vvv?(Nongovernmental Organizations (NGOs))

!vvGvv9Ivv9
k

Fvv+vvOG
k
pvv,@vv"vvqvv+vvP$vvPgGyvvQhR!vv9|vv?hpvv,Gyvvgvv}vv{|vvhGCGvvAvv}vvgvv9JGCJvvz+?yvvzvvAvvjvvzvv>fvv̂

GCJvvOOGJG:FvvAvv}vv9fvv+vv?hGC|SvvTvv+vv?.hyvvwvv#$vv"vv9cCSvv8vvzvv?|vv%vv}vv?hFvvO*vv?Ivv(d|vv9EPGvvv9f
GyvvgvvO*vvO|vv#$vvPgGyvv"vvGvv9Ivv9J*vv}vvwvv#@vvtvvO*vvQ$vv9hGSvvAvv}vvQGQ$vv9fvv=vvQGyvvR|vv#h<vvwvvzvvqvv?|vvgvvtvv(yvv?Ce
:?h|vvhPyvvx,pvv}vv|SvvTvv9JGyvv=vvJvvEhGyvvAvv"vv}vv+vv?<vvJvv9Fvv?E]@vvwvv9|vv{Cpvv]vv{<vv+#|vv"vvAvv(Fvv97vv9
hCFRGAGy=J(KGyAw"(y(F+?Gy(GSg?GCA(GpQIyz}RGQf_.

(8);t+uGCW9Qv?

$vvv"vvv9cIvvv9Fvvv?|vvv9Svvv?CTvvv9Gvvv?Cvvvv=vvvQyvvvzvvv}vvvRGQfvvv_6vvvOa@vvvavvv(*vvvQQhR!vvv9|vvv?Gyvvv=vvvJvvv(K
h@vvqvvJvv[GyvvAvvtvv"vv+vv9JG@vvO*vvOIpvv,|vv9EPGvvv9!vvB|vv"vv9Svv=vv?yvvzvvAvv=vv"vv,h<vvMvv9Yvv?|vv#svv=vv{GCRGQfvv_
GyvvqvvtvvQGA.h<vv9fvvAvv}vv9O@vvzvvxGyvvQhR!vv9|vv?Gyvv=vvJvvDvv+vv?,*vvAvv(Fvv>fvv̂Gyvv=vv9IvvDvv_Gyvvgvv}vv{fvv̂@vv(GRf
GCWvvwvv;JhE!vvGvv9Rh;vvtvv+vvuGyvvAvvzCvv+vvQpvv,GC(GsvvhGyvv"vv(fvv+vv?,Cvv~q@vvQvvvRGyvv=vvJvv(Kfvv̂GAvvzvv(d
GyA,*gQ\%9FDz(GCGA}g9JGCJz+?hGyA,sO@w(f|q+OI.

Ef
q

GyvvAvvJvvO*vv9JGyvvAvv,svvO@vv(GFvv&Gyvv=vvJvv(KhGyvvAvv"vv}vv+vv?pvv,GC"vv9_vvuG}svv{@vvqvv]vv+vv;
k

vvv=vv+vvQI
FvvOG

k
,pvv%vvPgGC"vv9_vvuvvvDvv+vvQIGyvvAvv"vv(Y,<vv{CvvvDvvQ@vv"vv(fvv9

k
|vv#GC"vv9_vvuPGJGyvvtvvOQIGyvvgvv9y+?.h|vv#

GCgvQhaCfGyvAv"v}v+v?GCTvAvOG|v?pv,GC"v9_vuG}sv{@vqv]v+v;
k
@vWv}v{;vO*v9Jpv,EOGQIC!vdv}v?

GC(QOGyvvvavvv=vvv+vvvgvvv,GCgvvvtvvvOI,GyvvvAvvv,@vvv~q@vvv"vvv}vvv+vvvAvvv%vvv9fvvv=vvvQG}Fvvv+vvv9dyvvvAvvvgvvv}vvv{|vvvhIvvv9:JGyvvvavvvtvvvU
hG}|vvavv9Qivv+vvQGC]vv}vv(!vv?,h|vvhG}QG\vv,Gyvv%vvWvv?hG}vvvDvvQpvvtvvQG

k
,hvvvPyvvx|vvhGyvvAvvwvv9y+r

Gyg9y+?yz}OL;JGB9QF+?hYg(<?Gy(Y(dE]G}S(Gb.

hyvzvAvjvzv>fv̂$vPgGyvAvJvO*v9J:<vO}!vdv}v?Gyv=vJv(KGyvRQGfv+v?hG QVv9OGyvRQGfv,
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|v#@v=v"v,G}pvwv9QhGAvzv(d@v}v+vhIv9:JGCWvwv;JGyvRQGfv+v?hC!v(GYh!v}v9PLGyvAvtv"v+v9J
GCTvvAvvMvvO|vv?.h*vvAvvavvzvv>|vvWvvQhYvvv%vvPG,ivv9yvv=vv9

k
,<vvJvv(Cvv9

k
RQGfvv+vv?fvv̂|vvTvvAvv(iGCRQfvv?h;vvB

Ivv9:JYvvgvv=vv?h|vvAvv"vv(fvv?,h|vv#GCJvvAvv}vv{Cf@vvwvv(fCvvvDvvQGLvvAvv;pvv9
k

|vv#<vvJvv(KGCJvvavv9J.
hKvv>Gyvvtvv(d$vv"vv9E!vv&:*vv}vvwvv#Ivv{=vv+vvhGyvvAvvJvvO*vv9JGyvvAvvtvv"vv+vv?GyvvAvv,@vv(GFvv&GCRGQfvv_Ch
GyvvTvvwvv9fGyvvqvvtvvQGAfvv=vvQGyvv=vvJvv(KGCRQfvv+vv?,EP*vv}vvwvv#EQVvv9OGJGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?GyvvAvv,@vvAvv~
pvv,Gyvv=vv+vv8vv?GCMvv=vvQ*vv?GyvvZvv9Q|vv?Cf@vvwvv(fSvvzvv=vv+vv?Ch|vv"vvAvvtvvOI,vvv}vv9$vv(GAvv9dfvv"vvOR*vv9OIGyvvjvvzvv?
AvO$v9G}fv̂ChGIvAv}v9d;vTv_G}Yv"v9a\vOG@vqv9a.h|v%v}v9*vwv#pv9yvAvtv"v+v9JGAv+v(*v?
SvvvAvvvwvvv(fCvvvvDvvvQpvvvgqvvv9y+?EPG$vvv,svvv9<vvvzvvvBHvvv}vvv(fvvv?G}pvvv]vvvz+9Jfvvv̂CSvvv9S|vvvWvvvQhYIvvv{
GCWvvwvv;JGyvvRQGfvv+vv?GC(Fvv%vv?(Client-Oriented Problem-Solving Approach)GyvvAvv,@vvQSvv~
GygO*O|#BQGF&hCpw9Qg|#@OGL;JGCRGQf_(22).

pvv,$vvPGGCGvv9d@vvgvvAvv=vvQG Yvv;Ivv9JGC|SvvTvv+vv?\vvQhQI:<vvO|vv"vv%vv9yvvAvvjvv+vv+vvQ!vvdvv9eCh
<vv"vv+vv?GAvv(GpvvRyvvAvvAvv(Gpvvu|vvhC!vvdvv}vv?Gyvv=vvJvv(KGyvvgvv9|vv?hG}!vvdvv}vv?G QVvv9O*vv?,<vvJvv+vvE*vvwvv(f
Gyvvgvvzvv}vv9Ah|vvO*vvQhG QVvv9OGyvvRQGfvv,|vvTvv|hy+#fvv#Cfvv}vv9yvv%vv~hE!vvAvv9Fvv%vv~.hyvvwvv#hyvvwvv,
@vwv(fCvvDvQpvgqv9y+?;vAv9L$vPgGyvAvJvO*v9JE]GyvAv(SvhyvAvWv}v{=v+vh|vTvAv(*v9JG OGQI.vv}v9
EfC!vvv(GYGyvvvAvvvJvvvO*vvv9JGCJvvvAvvv9LEy+%vvv9pvvv,Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvv(_vvv"vvv+vvv?hC!vvvdvvv}vvv?G QVvvv9O
GyvvvRQGfvvv,,Svvv(a@vvvAvvvavvvzvvv>GyvvvAvvvgvvv9hf<vvv+#GyvvvWvvvQvvvv9AG@vvvOO,Cj<vvv+#Gyvvv"vvvdvvv9eGAvvvwvvv(|vvv,
hGC"d}9Ji+QGAw(|+?hVQv9JGyta9YGB9UhGCRGQf_.

Ef
q

;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,|vv"vvavvtvv?|vv9Ch<vvzvvO|vv9*vvAvvavvzvv>@vv(GpvvQGyvvgvvO*vvO
|vvv#Gyvvvgvvv(G|vvv{Gyvvvqvvv9fvvvzvvv?GyvvvAvvv,!vvvJvvv9hdGSvvvAvvvgvvvQGVCGvvv%vvv9pvvv,GyvvvqvvvZvvv(dGyvvvtvvv9O|vvv?,|vvv=vvvAvvvOFvvv_
<vv]vvQhQI@vv(GpvvQfvv9|vv{GC+vv9gyvvAvvz|vv__vvzvv=vv9Jvvv{|vv#Gyvv"vv=vv9JhGAvv+vv(GfhG !vvTvv9fGCAvvRG*vvOI,
h<M9Y?<9y"T=?E]GCw(fG}L+Q.

(22)GFVJQ&lP-.

87



88



˙�HBq˙��U�w

OhQG9QRvvvvvXN6vvw)CNTvvvvo

G9@RQTvvvvZG9eQG4TvvvvZG9QE@bG:vvvvvZ
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!vvdvvQG
k

E]Gyvvgvv;svv?Gyvv(_vv+vvOI<vv+#GyvvdvvQhaGC"vv9Lvv+vv?zIvvQGQIk,$vvavv{
n

|vvavvQ
m

,Q*vv9Ivv9
k

,
Q_v(<v?yC"vavtv?|v9fv̂SvavKGyvwvQIG}Q\v+v?,h<vMv9Yv?fv"vZvQGGAvQGQIhGyv%vav{GCavQj
hGyvDvzvGv,,hGyv"v=v9JGyvav=v+vgv,hvvDv9pvAv&|v#Fv%v?,h|v9*v}vwv#EKv9Og|v#!vdv~<v+8v+v?RQGfv+v?
@vv"vvAvvHGC"vvAvv(Fvv9JGyvvRQGfvv+vv?hGyvvjvvPGFvv+vv?,hGSvvAvvOG|vv?$vvPgGC"vvAvv(Fvv9J|vv#fvvO|vv%vv9fvvz+%vv9|vv#
Fvv%vv?CLvvQi,|vv9*vv"vvgvvwvvUfvv̂!vvWvv9WG !vvTvv9f<vvgvv9|vv?hGyvvRQGfvv,<vvMvv9Yvv?,pvvtvvOQC*vv"vv9|vv9
@vvv(Yvvv{Ey+&GBvvv=vvvQGAGC"vvv9Lvvv+vvv(fhG:svvvAvvvZvvv9O*vvv(fhG:FvvvAvvv}vvv9fvvv+vvv(f|vvv#!vvvAvvv9FvvvH|vvvgvvv+"?Ivvv(d
@vvvzCvvv+vvvQGJGC"vvv9Nh@vvvjvvv+vvvQG@vvv&pvvv,E!vvvAvvv9LGyvvvjvvvPGA,h<vvv9yvvvAvvv9[GyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?fvvv̂
GCTvvAvv(iGyvvgvv9C,hGCTvvAvv(*vv9JG svvz+}vv+vv?,vvv(fGC"vv9N<vvgvv"vv9YvvQgGCMvvAvvzvvqvv?*vv|OjOhQG

k
|vv%vv}vv9

k

pvvv,;vvvO*vvvOGyvvv"vvvdvvv~GyvvvRQGfvvv+vvv?,h<vvv9yvvvAvvv9[G !vvvAvvv9LGyvvvRQGfvvv,h<vvv9yvvvPGJGyvvvjvvvPGFvvv,|vvv"vvv&,hfvvv̂
GSvvAvvOG|vv?$vvPGGyvvjvvPGAh@vv(pvv+vvQgyvv~Fvv+vv9dGyvvtvv9O|vv?.hsvv=vv{Gyvv=vvOApvv,@vv(\vv+vvKBCvv9QGyvvAvvjvv+vvQGJ
GC"v9Lv+v?fv̂G !vAv9LGyvRQGfv,hGyvjvPGFv,hGSvAvOG|vAv%v}v9,:<vO|v#Efvav9ApvwvQI<vTv+vav?fv#
G}s9y+~GC"9L+?Gyg9C+?<}9p+%9|"at?Gy(_#GygQN.

Ch:
k

:G}s9y+~GC"9L+?Gyg9C+?
C|vwv#@vtvTv+v~Gyvgv9DE]Csv9y+~|v"v9Lv+v?h!v=v9@v+?yvwv{|v"v%v9LvZv9FvZv%v9GyvAv,Ev+vR$v9|v#

G}LQi,h@"tT~$PgG}s9y+~GC"9L+?E]?UH}(f9J(1)$,:

1vvvvvCs9y+~GC"at?GA9QI
hEvvvAvvvOfvvv̂Fvvv9!vvv=vvv,LvvvbG:SvvvAvvv(GA<vvv+#OQFvvvAvvv,fvvvQV30,0Vvvv}vvv9:

k
hFvvv"vvv(<vvv9

k
,

h@tT~Cs9y+}%9E]:

CvvvvvG sz+~G:SA(GF,

h*vv}vvAvvO<vv+#OQFvvAvv,fvvQV8Vvv}vv9:
k

h5Fvv"vv(<vv9
k

BvvbG:SvvAvv(GA,h*vvAvvTvv~$vvPGG svvz+~
<vvvJvvvQGQ@vvv&GCQ@vvvqvvvgvvv?Ivvv+vvvE*vvvAvvvGvvv9hRGCgvvvOdGyvvvTvvv"vvv(j26ge,hvvvvPyvvvx<vvvQ_vvv(<vvvAvvv&Gyvvv"vvvTvvv=vvv+vvv?

(1)hRGQIGyAQ<+?,FjQGp+?Gyg9D(O|Wu:GC|ST?Gyg9|?yz}a=(f9JhGywA>GCOQS+?,1996).
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Gyvvgvv9y+?80pvv,GC8vv?h<vvz|vvavv9QgGy+(|vv+vv?GyvvAvv,@vvAvvGvv9hR2000|vv~3.h!vvdvvQG
k
E]ivvRGQIG}|vvavv9Q

hGQ@vvqvv9YOQFvv9JGAvvQGQI,pvvtvvO@vvWvvwvvzvvBGyvvjvv9<vv9JGyvvwvvDvv+vvqvv?G:SvvAvv(GFvv+vv?.$vvPGh*vv"vvOQpvv,$vvPG
G svvz+~GAvv+vv(G!vv9JGyvvwvv=vv+vvQIyvvZvvgvv(<vv?;vvQvvv%vv9OGLvv{Gyvvjvv9<vv?,hyvvwvv#@vvwvvDvvQpvv+vv%vv9GyvvRhGIvvr
hGAvvWvvQGJhGyvvavv+vv(QhGCAvvTvvz

q
vvtvv9J.C|vv9Gyvv"vvdvv~GyvvRQGfvv+vv?pvv+vv%vv9pvvtvvOGsvvAvvZvvQJfvv̂GSvvAvvjvv;d

<vvgvv̂G}LvvWvv9HGyvvDvv}vv+"?vvv9}<vv"vv(ShGC9$vv(ivv"vv,,hfvv̂=vvhGCavv9W,h<vvgvv̂Cvv}vv9QFvv(R
Gyvv%vv"vvOhGC(R,hfvv̂GyvvRQGfvv?Gyvv=vvOGFvv+vv?pvv,GyvvqvvTvvJvv9JGyvv"vv=vv9@vv+?.IvvO*vvDvv9

k
svvavvhG !vvTvv9f|vv"vv9_vvu

hGSg?|#i9<9JG}|9RhfhE!Oh!+T+9hI(qy%9E]|RGQY|a9Wh|(RhsZ>SwQ.

HvvvvvG sz+~GCOGQjGyQ_>ChGyT(OGP

*vv}vvAvvO$vvPGG svvz+~fvv̂Fvv9!vv=vv,G svvz+~G:SvvAvv(GFvv,hIvvAvv)LvvbfvvQV18Vvv}vv9:
k

hFv"v(<v9
k

(C|vQ*vwv9Gyv(Svav)hhSvbCpvQ*vtv+v9hGyv%v"vOhVv}v9dCSvAvQGy+9).h*vAvTv~$vPGG svz+~
<vJvQGQI|vQ@vqvgv?_v(GdGyvgv9e(Iv(G]30ge),h<v}vOiIvQGQjSv"v(j*vav(dvvzv}v9G<vAvgvO!v9
fvvv#G svvvz+~G:SvvvAvvv(GFvvv,,h<vvvqvvvZvvv{Fvvv9a*vvvAvvv(Gpvvvu|vvvhpvvvZvvv{GyvvvWvvvAvvv9A,h@vvvAvvv"vvv9svvv[vvvv}vvv+vvv?
G}|vav9Q<v9::v9g!vqvTv&yvAvZv{E]300|v~3.@v"vAvWvQpv,$vPGG svz+~GAvWv9FvX(GyvTv9pv9!v9)
Gyvav(*vzv?(4e)hGyvtvZv+vQI(GyvTv"vbhGyv%vWv9H).vv}v9@v"vAvWvQpv+v&GAv+v(G!v9JGyvgv9Vv=v?hGyv;>v?
hGAv+v(G!v9JGC9Fv+v?,h!vWvavBpv+v&!vdv~GyvQfv,hGyvRQGfv?(svZv>GyvTvwvQ,Gyv=v#,GyvWv9j,
Gyta#,GA=(HGyR*A+?,GyA(G<{).

LvvvvvG sz+~GC(S},

h*v}vAvO$vPGG svz+~fv̂GyvgvQhVGCOGQ*qv?VvQbGyvtv9QGJ,h*v(FvO<vWvwv{CSv9Sv,
pv,VvQbBSv+v9hVvQbCpvQ*vtv+v9($v]v=v?GAv=vWv?hFvR*vQI|vOivWvtvQ)hFvRQG}!vAv+v{hC|vQ*vwv9
Gy(Sa).h*}+Rp,$PGG sz+~pZ(dC;C?:

vvvvvpZ{<9QOF9a(|#@WQ*#GyD9P/!(p}=QhIA)v9!(fGyD9P/*"9*Q.

vvvvvpZ{G!At9[I9Q(|#V=9W/p=QG*QE]IR*QGf/*(!+()LA9LE]G}|a9Q.

vvvvvpvvZvv{Ivv9Q|vv9_vvQ(|vv#|vv"vvAvvZvvrIvvR*vvQGf/*vv(!vv+(hIvvAvv)@vvWvvQ*vv#G}hd/CvvvAvv(<vvQ)
h<&G}|a9QGC(S}+?.

h*vv"vvAvvWvvQpvv,G svvz+~ivv9<vv?|vv(Svv}vv+vv?vvv9COGQ*vv?,E:C8vv9Csvv{vvvDvv9pvv?hGQ@vvqvv9fvv9
k

,h|vv#
C!vvv(GYCVvvvGvvv9Q$vvv9GBvvv+vvvRQGfhGyvvvwvvv9pvvv(Q.C|vvv9Ivvv+vvv(G!vvv9JG svvvz+~pvvv%vvv,|vvvWvvv96vvv?Avvv+vvv(G!vvv9J
G svvz+~GyvvTvv9<vvu.*vv(FvvOGyvvTvvwvv9f<vvwvvDvvQIpvv,$vvPGG svvz+~Ivv+vvEsvvavvgvvBCVvvGvv9QGyvvjvv9<vv9J
hIvvv(qyvvvBG}QG\vvv,yvvvRQGfvvv?G}QRhGyvvvWvvv9jhGyvvvAvvv(G<vvv{hsvvvZvvv>GyvvvTvvvwvvvQhGyvvvtvvvavvv#hGyvvvPQI
<"d~RQGf+?fO*OI.

92



OvvvvvG sz+~GyZJQGhjGA9Q

h*vvv}vvvAvvvO$vvvPGG svvvz+~<vvv+#OQFvvvAvvv,fvvvQV18vvvvv30Vvvv}vvv9:
k

hFvvv"vvv(<vvv9
k

hpvvv,ivvvQH
Gyvvvtvvv9QGJ(YvvvJvvvQGAGyvvvgvvvQH,YvvvJvvvQGACvvv9Q,GyvvvZvvvJvvvQGAGyvvvwvvv=vvvQi,YvvvJvvvQGAvvvv9:$vvv9Qj,
YJQGACQ*Rh!9,YJQGAC@9v9|9,Gy%]=?GyjQ<+?p,CSAQGy+9)(2).

h*vvAvvTvv~$vvPGG svvz+~<vvJvvQGQI|vvQ@vvqvvgvv?_vv(GdGyvvgvv9e,h<vv}vvOiIvvQGQjSvv"vv(jh*vv(|vv,
vv=v+vQhYvzvBpv+v&}fv̂OQFv9JGAvQGQIGyvgv9C+v?57ge.C|vav9Qg!v9OQIyv(sv(fv&pv,|v%v>
GyvvAvv+vv9QGJGyvv%vv(GFvv+vv?Gyvv%vv9<vvavv?hGyvvQ*vv9MGyvvAvvGvv9Q*vv?,EvvDvvzvv&Gyvvtvv9$vvQI.*vv"vvAvvWvvQpvv,$vvPGG svvz+~
!vvv=vvv9@vvv9JGyvvvWvvv(vvvv+vvv9JhGyvvvZvvv=vvv9Q*vvv9JhGAvvvWvvv9FvvvXGyvvvtvvvZvvv+vvvQIGyvvvgvvv}vvvQ,hvvvvPyvvvx@vvv"vvvAvvvWvvvQpvvv+vvv&
GAvv+vv(G!vv9JGCAvv;Fvv}vv?|vvhG@vvqvv9avvv9yvv]vv=vv9YhGyvvPFvv9HhGAvv+vv(G!vv9JGyvvRGIvvqvv?hGAvvWvvQGJ,
h@vvAvv}vvDvv{Gyvv"vvdvv~GyvvRQGfvv+vv?pvv+vv&<vvRQGfvv?Gyvv(GIvv9JIvv+vvDvv}vv9@vvAvv(GpvvQGC+vv9g,E\vv9pvv?E]!vvdvv~Qfvv,
GAv+v(G!v9J|v#Civ"v9ehE<v{h|v9fvR.h!vAv+vGv?GvvAvWv9aGyv"vqvbhGSvvvvvAvDv}v9Qgpv,<vgv̂|v"v9_vu
G svvz+~,pvvtvvOC|vvwvv#GSvvAvvMvvQGLGC+vv9gGyvv=vv9_vv"vv+vv?hG!vvAvvWvvQJGyvvRQGfvv?pvv+vv%vv9vvv}vv9$vv(GAvv9dpvv,
y+=+9(Gy"%QGygd+~)hp,GyTg(O*?.

2vvvvvCs9y+~GC"at?GCgAOy?GyOGp8?
h@"tT~Cs9y+~$PgGC"at?E]GyA9[:

CvvvvvG sz+~GCA(Sa,

h*vvvvv}vvvvvAvvvvvO$vvvvvPGG svvvvvz+~pvvvvv,ivvvvvQNGyvvvvvtvvvvv9QGJ<vvvvv+#OQFvvvvvAvvvvv,fvvvvvQV30vvvvv40Vvvvvv}vvvvv9:
k

hFv"v(<v9
k

,h*vTv(Opv,Iv(VGyv=vJvQGCAv(SvbhFv"v(HivQHC|vQ*vwv9GyvWv}v9y+?(vv9y+qv(Q!v+9)
hpv,C|vQ*vwv9G@v"v(<v+?(hSvbGyvAvWv+v\),hG@vRAGyvjvQN|v#CpvQ*vtv+v9hFv"v(HivQHhFv"v(H
VvvvQbCSvvvAvvvQGy+9.*vvvAvvvZvvvr$vvvPGG svvvz+~<vvvZvvv+vvvrIvvv9QFvvv9a20vvvvv60geyvvv(svvv(fvvv&pvvv,|vvv%vvv>
GyvvQ*vv9MGyvvAvvGvv9Q*vv?,hVvvAvv9A|vvgvvAvvOd4geQ_vv>yvv(svv(fvv&pvv,|vv%vv>GyvvQ*vv9MGyvvgvvwvvTvv+vv?h@vvgvvQ\vv&
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k
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|vvv#GyvvvTvvv9Ivvv{ChGQ@vvvqvvv9fvvv%vvv9hhYvvv(dGC|CvvvQGJG@vvv(*vvv?,h@vvvQGhM<vvv+#250vvvvv950|vvv~(3).
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G}fW9HhGy"=9@9JGya=+?GyA,@Aq9hJ_(:
k

hvD9p?h@"(f9
k
@=g9

k
yw}+?G}|a9Q.

*vvgvv+vvXpvv,$vvPGG svvz+~<vvgvv̂GAvv+vv(G!vv9JGyvvgvv9Vvv=vv?vvv9yvvdvv=vv9AhGyvvjvvR:fhG}QG!vv>,
h<vvgvv̂Gyvvzvv(GIvv~vvv9yvvPFvv9HhGyvv]vv=vv9Y.h*vvgvvOq$vvPGG svvz+~|vv#CsvvOeGC"vv9_vvuGyvv=vvWvvQ*vv?Ivv+vvE
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,
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G@vvv"vvv(<vvv+?(VvvvQbGyvvv=vvvQGR*vvv{)hFvvv"vvv(HVvvvQbCpvvvQ*vvvtvvv+vvv9(Gyvvv"vvv9@vvv9d)hFvvv"vvv(HVvvvQbCSvvvAvvvQGy+9.
*vvAvvZvvrG svvz+~<vvZvv+vvrIvv9Q26gehVvvAvv9A|vvgvvAvvOd6gehyvvwvv"vv&*vvAvvgvvQVC(Fvv9JGyvvZvvtvv+vvh.
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G}fvv9Yvv+vvQGCOGQ*vv?(4).*vvAvv}vv+vvR$vvPGG svvz+~<vvjvv"vv)h@vv"vv(Y!vv=vv9@vv9@vv&,hivv9<vv9@vv&CVvvOvvvDvv9pvv?|vv#
ivv9<vv9JGyvv=vvJvvQGCAvv(Svvb.|vv#CVvvGvv9QgGyvv=vvzvv(WhGyvvwvvTvvAvv"vv9AhGyvvZvv"vv(<vvQ*vv9J,h|vv#Ivv+vv(G!vv9@vv&
GBv"v9R*vQhGBv+v(dGyv=vQ*v?.h$v(,CjG svz+~,|v#CvvDvrCsv9y+~Gyvgv9DSvwv9!v9

k
,hyvtvOIv(qd

G !vTv9f$v"v9|vgvdv~iv9<v9@v&E]Ivtv(dRQGfv+v?PGJ!vdv~RQGfv+v?|vAv=v9*v"v?,*vRQYpv+v%v9CSv9Sv9
k

G}QRhGyta#hGyW9jhGyq(Gv&,v}9p+%9!d~Qf,G}i"9ehGB+(d.

LvvvvvG sz+~Gyt9QjGyOGpr(GCQGf,GCgAOy?GyOGp8?)

*v}vAvO$vPGG svz+~hSvbGyvtv9QGJ<v+#OQFvAv,fvQV20vvvvv40Vv}v9:
k

hFv"v(<v9
k
<v+#

G svvvz+~GCAvvv(Svvvavvv,ivvvQ<vvv9
k

hGyvvvZvvv+",VvvvQsvvv9
k

,h*vvvTvvv(Opvvv,hSvvvbBSvvv+vvv9(@vvvQvvvvTvvvAvvv9fGyvvvZvvv+"+vvv?
hQh|vv9!vv+9),hpvv,hSvvbGyvv(:*vv9JGCAvvJvvOIhpvv,C|vvQ*vvwvv9G@vv"vv(<vv+?(Ivv(V8vvQ:<vv;@vv9),
hpv,Fv"v(HCpvQ*vtv+v9(|v"vavtv?GyvqvzvO)hpv,CSvAvQGy+9(Iv(V|vQjOGQyv"vk).*vAvZvrG svz+~
<vvvZvvv+vvvrIvvv9QhVvvvAvvv9A<vvv9QO(|vvvOiIvvvQGQjvvvv=vvv+vvvQ*vvvR*vvvOfvvv#30ge)yvvv=vvvgvvvOgfvvv#Gyvvv=vvvJvvv9Q,
C|a9QgY+q+?@Aq9hJ<+#250vvvvv500|~

3(5).

!vv=vv9@vv9JG svvz+~fvv=vv9QIfvv#IvvWvv9FvvXhCfvvWvv9H@vvR$vvQLvv;dpvvAvvQIsvvZvv+vvQI!vvdvvQG
k

E]
IvvvQGQIGyvvvZvvv+vvvrGyvvvgvvv9y+?.@vvvzsvvvzvvv}vvvBIvvv+vvv(G!vvv9@vvv&fvvv̂svvvzvvv?GyvvvjvvvPGAhGC9Avvvv9yvvvjvvvR:fhGBvvv+vvv(d
hGyvvtvv(GQVhGAvvWvvQGJ.*vvgvv}vv{G !vvTvv9fpvv,$vvPgGC"vv9_vvupvv,GyvvQfvv,hGyvvRQGfvv?,pvvAvvTvv(O
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3vvvvvCs9y+~GC"at?GCgAOy?Gy=9QOI
@"tT~Cs9y+~$PgGC"at?E]GyA9[:

CvvvvvG sz+~GCJ+a,

h*vvvv}vvvvAvvvvO$vvvvPGG svvvvz+~<vvvv+#OQFvvvvAvvvv,fvvvvQV40vvvvv60Vvvvv}vvvv9:
k

hFvvvv"vvvv(<vvvv9
k
pvvvv,ivvvvQH

Gyvvvtvvv9QGJ,h*vvv"vvvAvvvWvvvQivvvQHChQh<vvv9hivvvQHC|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?hFvvv"vvv(HGyvvvAvvvWvvv+vvv\.Yvvv+vvvr
G svvvvz+~|vvvvgvvvvAvvvvOdGAvvvvQGQI(16ge)hVvvvvAvvvv9AOGpvvvvr(5ge)h<vvvv}vvvvOiIvvvvQGQjpvvvvZvvvv\h*vvvv(|vvvv,
\vgv+vqv_.C|vav9QgivR*vQI@vR*vOfv#2000|v~3h@vTvtvb_v(GdGyvgv9eh@vAvQvvRYv+vqv9

k
yvAvgvQ\v&

yvvzvvQ*vv9MGyvvgvvwvvTvv+vv?PGJG}fvv9Yvv+vvQGC}vvavvQI(6).G svvz+~ivv9<vv?!vvqvvavv+vv?|vvAvv=vv9fvvOIG}VvvGvv9QC$vv~
C!vv(Gfvv%vv9Gyvv=vvzvv(WhGyvvRGfhGyvvwvvTvvAvv"vv9A,h$vv,PGJsvv+vv}vv?GsvvAvvZvv9O*vv?fvv9y+?,svvavvhG !vvTvv9f
svvTvv}vv9

k
vvv=vv+vvQG

k
|vv#$vvPgGyvvjvv9<vv?hGSvvAvvMvvO|vv&pvv,Yvv"vv9fvv?GyvvTvvqvv#hIvv(qdCQG\vv+vv%vv9E]Ivvtvv(d

RQGfvvvv+vvvv?,h!vvvvWvvvvzJ<vvvv9yvvvvAvvvv9[!vvvvdvvvv~RQGfvvvv+vvvv?svvvv9Fvvvv}vvvv?<vvvv9yvvvvOQFvvvv?G}h]fvvvv̂RQGfvvvv?Gyvvvv=vvvvavvvv9_vvvv9
hGyW}"OQGyTwQjhGA=(HhGy"=9@9JGygzq+?.

HvvvvvG sz+~Gyz(Q!T,

*vv}vvAvvO$vvPGG svvz+~<vv+#OQFvvAvv,fvvQV40vvvvv60Vvv}vv9:
k

hFvv"vv(<vv9
k
pvv,VvvQbsvv9QO

BSvv+vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?,h*vvAvv}vv+vvR<vvZvv+vvr|vvgvvAvvOd(16ge)h<vvWvvAvv9AVvvO*vvOGyvv=vvQhOI(10ge)
h<vvz|vvavv9Q:@vvAvvGvv9hR1000|vv~3@vvTvvtvvbpvv,JvvAvvzvvrGyvvqvvZvv(d,h@vvAvvQvvvRYvv+vvqvv9

k
,pvv,Ivv_

*vvTvvtvvbGyvvDvvzvvHpvv,VvvAvv9A_vv(*vv{(7).!vv=vv9J$vvPGG svvz+~ivv9<vv?JvvQh_vv+vv?@vvWvvwvv{!vvavv9svv9
k

|vvAvvZvv;
k

|vv#GyvvWvvQbE]GyvvjvvQHpvv,vvv{|vv#ChQGSvv+vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?h@vvTvv}vv)ivv9<vv9JGyvvAvv9*vvjvv9,
h|vv#CVvvGvv9Q$vv9GyvvZvv"vv(<vvQhGyvvWvvQ<vv+#.@vvgvv+vvXpvv,$vvPgGyvvjvv9<vv?Gyvv(fvv(dhGAvv+vv(G!vv9JGyvvqvvQGFvv+vv?
vvv9yvvO<vv=vv?hGyvvDvvgvv9yvv>hGyvvTvv"vv9Fvv>hG}QG!vv>.RQYG !vvTvv9fpvv,$vvPGG svvz+~Ivv9Yvv+vv{Gyvvtvv}vvK
hGyvvWvvgvv+vvQhGyvvWvv(pvv9f,<vvgvvOCfsvvavvhGyvvjvv9<vv?hGSvvAvvMvvOeGCGvv9QjGC9Fvv+vv?yvv"vvtvv{CLvvWvv96vv9E]
GC"9_uGCMAzq?p,Gyg9D.

LvvvvvEsz+~GCQGf,GCgAOy?hGy=9QOI

*v}vAvO$vPGG svz+~<v+#OQFvAv,fvQV40vvvvv60Vv}v9:
k

hFv"v(<v9
k

,hpv,hSvbGyvtv9QGJ
<v+#G svz+~GCJv+vav,pv,GyvjvQHhGyvzv(Q!vTv,pv,GyvWvQb,h*vAv}v+vRG svz+~<vZv+vrIv9Q!vdvQG

k

E]_vv(dpvvAvvQIGyvvAvvWvv}vvU(18ge)hVvvAvv9A<vv9QO|vvAvvGvv}vvO(vvvvv13ge),h<vv}vvOiIvvQGQjvvv=vv+vvQ
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*vROGO<v9:v9gGyvWv}v9d,hC|vav9QYv+vqv+v?svz+zv?(8).!v=v9J$vPGG svz+~CfvWv9H@vR$vQpv,GyvQ<v+h
hGBvvQ*vvr,h:vvrpvv,GyvvWvvAvv9Ah@vvAvvjvvavv)<vv9@vvz+Oh@vvgvv(OEy+%vv9GAvv+vv9Ipvv,GyvvQ<vv+h<vvgvvOPh<vv9f
G@vvvz+O.Ivvv+vvv(G!vvv9JG svvvz+~$vvv,GBvvv+vvv(dhG}ivvv"vvv9ehG}QG!vvv>Gyvvv=vvvQ*vvv?hGyvvvPFvvv9HhGyvvvwvvv;H
hGyvvTvv"vv9Fvv>.*vvgvv}vv{GyvvTvvwvv9f<vvZvv+vvOGAvv+vv(G!vv9JGyvv=vvQ*vv?hQfvv,GAvv+vv(G!vv9JGCTvvAvvz!vvTvv?,hCGvv%vv9
G}i"9ehGB+(d,hvPyxp,RQGf?GA=(Hs={Iz(dpZ{GyWA9A.

4vvvvvCs9y+~GC"at?Gy=9QOIChGyta=+?
hEvvvAvvvOVvvv}vvv9dOQFvvv?fvvvQV60Vvvv}vvv9:

k
hFvvv"vvv(<vvv9

k
,h@vvv"vvvAvvvWvvvQVvvv}vvv9dBSvvv+vvv9hChQh<vvv9

hC|vvQ*vvwvv9GyvvWvv}vv9y+?,hCFvvRGA\vv+vvtvv?pvv,C|vvQ*vvwvv9G@vv"vv(<vv+?.*vvAvvTvv~G svvz+~<vvZvv+vvrsvvZvv+vvQ:
@vvvAvvvgvvvOiIvvvQGQ@vvv&GyvvvZvvvqvvvQGC8vvv(jE:pvvv,Vvvv%vvvQEvvv(R/*vvv(y+(hVvvvAvvv9A<vvv9QO_vvv(*vvv{(8vvvvv9
CVvv%vvQ).7vv>fvvz+&GyvvQ*vv9MGyvvtvvavv=vv+vv?GyvvWvv}vv9y+?GyvvWvvQsvv+vv?h:*vvAvvGvv9hR$vvavv{GCavvQ250|vv~3

fvvv̂Vvvvwvvv{Cvvvzvvv(L.@vvv"vvv}vvv(Yvvv+vvvqvvv9
k

CfvvvWvvv9HGyvvvAvvv(!vvvOQIh$vvv,CfvvvWvvv9HsvvvZvvv+vvvQI*vvvjvvvzvvv>fvvvz+%vvv9
GyvavJv9yv>hG Vv"v+v9J.Iv+v(G!v9J$vPGG svz+~Gyv=vavQ*vu,hGAv+v(G!v9JGyvqvQGFv+v?|vDv{GyvOH
Gyvvvtvvvavvv=vvv,hGyvvvDvvvgvvvzvvv>hGyvvvQ!vvv?hGyvvvwvvv9Q*vvv>,h*vvvgvvv}vvv{Svvvwvvv9fG svvvz+~<vvvQfvvv,GyvvvQ!vvv?hYvvv+vvvO
GA+(G!9JGy=Q*?hGy=JQ*?.

5vvvvvCs9y+~G@=9d
@vvAvv"vv(YGyvv"vv=vv9@vv9Jpvv,G@vv=vv9d@vv=vvgvv9

k
yvvAvv"vv(YGC"vv9Lvv9Jfvv̂GyvvTvvqvvKGyvv(GIvvO,pvv+vv=vvOCpvv,

GyvvTvvqvv(MGyvvO!vv+9<vv"vv=vv9JGC"vvavvtvv?GyvvAvv,@vvtvvhpvv+vv%vv9G@vv=vv9d,h*vvAvvOQL<vv9:Q@vvqvv9Y@vv=vvgvv9
k
yvvAvvOQL

G}svv9y+~GC"vv9Lvv+vv?;pvv9@vv=vv9dGyvvgvv9y+?pvv,GC"vvavvtvv?G:SvvAvv(GFvv+vv?vvv}vv9pvv,Fvv=vv{vvvzvv}vv"vvGvv9Qhpvv,
vvvv+"+vvv9@vvv=vvvOCSvvvqvvv(Ivvv%vvv9GyvvvO!vvv+9<vvvjvvv9<vvv?GSvvvAvvv(GFvvv+vvv?vvvvDvvv+vvvqvvv?@vvvAvvvOQLE]Svvv9pvvv9!vvv9,Cvvv~E]ivvv9<vvv9J
|vvgvvAvvOyvv?,pvv}vvQGY

m
@vvzLvvPIvvWvv9FvvWvv%vv9<vv9yvvtvvZvvQhGyvvAvv=vv9fvvOIvvAvv)LvvbGyvvDvvzvvHGyvvOGFvv~,hyvvwvv{|vv#

$vvPgG}svv9y+~Ivv+vv(G!vv9@vv&GBvv9Yvv?<vv&.$vvPGh*vvtvvhGyvv(_vv#GyvvgvvQN\vv}vv#G svvz+~GCAvv(Svvavv,
hG sz+~GyZJQGhjGA9Q,hS"AJOKf#Cs9y+}&GC"9L+?|qZ;

k
p,GyqtQIGyA9y+?.

C9!+9
k

:G}s9y+~GC"9L+?p,Gy(_#GygQN

*vtvhGyv(_v#GyvgvQNpv,|v(svh|vAv(Svb|v#Gyvgv9D,pv,svzv>Gyvgv9DGyvtvO*v~fv"vO|vzvAvtv)
Gyvvtvv9QGJBSvv+vv9hCpvvQ*vvtvv+vv9hChQh<vv9,h*vv}vvAvvO|vv9<vv+#Fvv"vv(HivvQHBSvv+vv9hVvv}vv9dCpvvQ*vvtvv+vv9,
h;vv+vvbvvv{|vv#@vvQvvv+vv9Vvv}vv9:

k
hE*vvQGfVvvQsvv9
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(GyvvtvvTvv~G6Svv+vv(j),hvvv{|vv#ECvv+vv(<vv+9hvvv+"+vv9
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hChivv"vvOGhRGFvv+vvQhGyvvAvvWvv9OhGyvv"vv+vvGvvQh|vv9[hGyvvTvv+"+vvjvv9dh=vv%vv(Q*vv?CpvvQ*vvtvv+vv9Gyvv(Svvavv)(GyvvtvvTvv~
G}pvQ*vtv,)Fv"v(<v9

k
.|vTv9Iv?Gyv(_v#GyvgvQN14|vz+(fvv~2h$v,Cv9PCvv=vQ|vTv9Iv?yvWvgv>

hGIOp,Gyg9DG@OhdQs~(2vvvvv1)(9).

G@OhdQs~(2vvvvv1)
|T9I?G}sa9QGygQ<+?(1000v~
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GytavvvvvvvvvvQGCT9Ivvvvvvvvvvvv?

G@RGFQ2382

GyT(OGf2500
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|(Q*A9!+91031
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GyZ(|9d638

GCjQH711

GygQGb435
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saQ11
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GCG}(Y14025

GCZvvOQ:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,GyvvwvvAvv9HGyvvTvv"vv(jyvv5IvvZvv9AGJGyvvRQGfvv+vv?GyvvgvvQ<vv+?:GCGvvzvvO17
(GBQ_(e:GC"d}?,1996),U10.

(9)GC"vvvdvvv}vvv?GyvvvgvvvQ<vvv+?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,GyvvwvvAvv9HGyvvTvv"vv(jyvv5IvvZvv9AGJGyvvRQGfvv+vv?GyvvgvvQ<vv+?:GCGvvzvvO17

(GBQ_(e:GC"d}?,1996).
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$vPGh*vAvTv~|v"v9NGyv(_v#GyvgvQN<v9Q@vqv9YOQFv9JGAvQGQIpv,|vgvdv~CFvRGFv&Lv;d
fvvOICVvv%vvQ|vv#GyvvTvv"vv?,hGRO*vv9OGCOiGAvvQGQjpvv,GC"vv9_vvuGyvvOGLvvz+?,hSvv+vvavvQIG@vvqvv9a
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1vvvvvG svvz+~GCAvv(Svvavv,,h@vvAvvzCvvQpvv+vv&GC"vv9_vvuGyvvtvvQ*vv=vv?|vv#Gyvv=vvJvvQG}<vv+^GCAvv(Svvb
hGCJvv+vvbG}_vvzvvTvv,,h*vvAvvTvv~<vv9Q@vvqvv9YGAvvQGQIYvv+vvqvv9
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k
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<vv+#GyvvZvv+vvrhGyvvWvvAvv9Ah<vv+#Gyvvz+{hGyvv"vv%vv9Q,h@vvtvvhpvv+vv&|vvgvvdvv~GyvvOhdGyvvgvvQ<vv+?ChCFvvRGA
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k
vvv}vv9$vv(GAvv9dpvv,
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|v%v}v9

k
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|vv#Gyvv(_vv#GyvvgvvQN,h(Fvv"vv(<vv+?ivvQ<vv+?)B@vv+?|vv#GCJvv+vvavv_G}_vvzvvTvv,hGyvv%vv"vvOj,@vvAvvgvvQVyvv%vv9
GC"v9_vuG@v"v(<v+?|v#Gyv(_v#GyvgvQNvv(SvbhFv"v(HGyvTv(OGfhGy+}v#.hGyv"v(YGyvDv9PyvzvQ*v9M
VvvAvv(*vv?h$vv,ivvQ<vv+?Q_vv=vv?svv9O|vv?|vv#G}_vvzvvTvv,|vv9QIpvv(bGCAvv(SvvbIvvOCvv?|vv"vvMvvqvv]vv9JFvv(*vv?
h$vvavv(:J|vvavvQ*vv?,h@vv|CvvQ<vvWvvwvv{CSvv9Svv,fvv̂CFvvRGAGyvv(_vv#GyvvgvvQNGyvvWvv}vv9y+?,C|vv9GyvvQ*vv9M
GyvvAvvGvv9Q*vv?GyvvWvv}vv9y+?GyvvWvvQsvv+vv?G@vv9pvv?hGyvv=vv9QOI,pvvAvvTvv(O|vvgvvdvv~CFvvRGAGyvv=vv;OGyvvgvvQ<vv+?h@vvTvv=vv>
!vvAvv+vvGvv?@vvZvv9O|vv%vv9<vv9yvvQ*vv9MGyvvQ_vv=vv?@vvTvv9svvbGyvvDvvzvv(L.C|vv9Gyvv"vv(YGyvvDvv9yvvEyvvzvvQ*vv9Mpvv%vv(Q*vv9MGyvvQ<vv+h
hGBvvQ*vvr,h$vv,Q*vv9MIvvz+?Ivv}vvzvv?<vv9yvvQ|vv9dh@vvQpvvhOQFvv9JGAvvQGQI,h\vv9QI<vv9yvvRQGfvv?,
h;vvOKyvvqvvAvvQGJsvvZvv+vvQIh|vvAvvtvvavvgvv?h@vvTvv}vv)<vv9yvvTvv}vv(epvv,<vv;OGyvvWvv9e;h<vv9Bvv}vv9Svv_pvv,
|ZQ;h<9y%=(Hp,GyT(OGf;h<9yt=\p,y+=+9;hGyWQGs,p,GCjQH.

<AzC+QGyQ*9MGCPv(QI*}w#E++RC;K|"9_u|aQ*?p,Gy(_#GygQN$,:

GC"vavtv?GyvWv}v9y+?GyvtvQ*v=v?|v#Gyv=vJvQG}<v+^GCAv(Svb,h@vTvtvbC|vav9Q$v9VvAv9Ah$v,
|vvAvvqvv9h@vv?h@vvtvvh<vv+#1000vvvvv2500|vv~3,hCivvRQGC"vv9_vvuC|vvavv9QG

k
$vv,GCQ@vvqvvgvv9JG@vv=vvz+?
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GyT9Iz+?v}9$(GA9dp,S(Q*9hy="9fhGyOhdGygQ<+?GyT9Iz+?p,V}9dCpQ*t+9.

GC"vvvavvvtvvv?G@vvv"vvv(<vvv+?|vvv#Gyvvv(_vvv#GyvvvgvvvQN,h@vvvTvvvtvvvbC|vvvavvv9Q$vvv9Yvvv+vvvqvvv9
k

vvvv9y+}vvv#hFvvv"vvv(H
GyT(OGf.

GC"vavtv?Gyv(Gsvgv?<v+#GC"vavtvAv_GyvTv9<vtvAv_hGyvAv,@vWvjv{|vgvdv~|vTv9Iv?Gyv(_v#GyvgvQN,
!vv9OQIGCavvQh@vv]vv~YvvJvv9QjVvv=vv&G@vvR*vvQIGyvvgvvQ<vv+?hGyvvZvvJvvQGAGyvvwvv=vvQi,Ivv+vvE@vvAvvzvvtvv)
C_QGp%9GyW}9y+?C|a9QG

k
VA(*?,hC_QGp%9G@"(<+?C|a9QG

k
Y+q+?.

h|vv#Svv}vv9JC|vvavv9QGyvv(_vv#GyvvgvvQNC8vv9fvv9Yvvqvv+vv?@vvTvvtvvb<vvjvvRGQICvv~@vv"vvtvvavvh<vvTvvQfvv?
h7vvvavvv{pvvv,pvvvAvvvQIsvvvZvvv+vvvQI|vvv#GyvvvTvvv"vvv?,h|vvv]vvvavvvQ<vvv?h|vvvAvvvqvvv9h@vvv?Gyvvvwvvv}vvv+vvv9Jpvvv,GyvvvTvvv"vvv(GJ,
hJvvAvvzvvqvv?<vv+#GC"vv9_vvuGyvvTvv9Ivvz+?hGyvvOGLvvz+?,vvv}vv9EfsvvTvv}vv9

k
vvv=vv+vvQG

k
|vv#G}QG\vv,GyvvgvvQ<vv+?:

:@vvAvvTvv9svvbfvvz+&G}|vvavv9QhEf$vvavvzvvBpvv+vv%vv9pvv%vv,!vv9OQI.$vvPgGyvvZvv(QIGC"vv9Lvv+vv?yvvzvv(_vv#
GyvgvQN@v=v_CfCvvDvQ|v#90pv,GC8v?|v#CQG\v+v&@vtvhpv,GC"v9_vuGyvtv9Ivzv?hVv=v&Gyvtv9Ivzv?,
v}9Ef@g9s>OhQGJG@q9afz+&sOIOq@9|#|(GQOgGC9F+?GCMAzq?.

C9yD9

k
:IQGQIv(v>G}QV@j+QGyA"=|GJGyRQGf+?

@vqv+vOGyvAv(svgv9JG}Lv+vQIyvAvjv+vQGJGC"v9N<vzf
q

|v"v9NG}QV*vAvjv+vQ<vTvQfv?CvvDvQFv9$v(
|vvAvv(svvhSvv9<vvtvv9

k
.hpvv,\vv(APyvvx*vvAvv=vv9OQE]P$vv#GCQASvv|Gd|vvqvv9Og:vvv+vvr*vv}vvwvv#GyvvRQGfvv?

Cf@vvTvvAvv}vvQpvv,E!vvAvv9Fvv%vv9pvv,fvv9D*vvROGOIvvQGQIpvv,Gyvv(svvBGyvvPj*vvAvvjvv+vvQsvvTvv~|vv"vv&|vv"vv9Lvv+vv9
k

<Ww{hG\K?

pvvv,vvvv9!vvv(fGyvvvDvvv9P/*vvv"vvv9*vvvQ|vvv#fvvv9e2001:vvv}vvvhFvvvDvvvzvvv(99Ohyvvv?pvvv,Vvvv"vvvjvvv%vvv9jpvvv,
GyvvvZvvv_,y+"vvv9svvvWvvv(GVvvv(G$vvvO@vvvRG*vvvOIvvvQGQIvvvv(vvvv>G}QV,vvvvGvvvRA|vvv#GFvvvAvvv}vvv9YGyvvvzvvvGvvv"vvv?
GyvvvvvOhy+?GCMvvvvvAvvvvvZvvvvv?<vvvvvOQGSvvvvv?@vvvvvjvvvvv+vvvvvQGJGC"vvvvv9NhGC"vvvvv=vvvvvDvvvvvtvvvvv?fvvvvv#|vvvvv"vvvvvdvvvvv}vvvvv?G}|vvvvv~GCAvvvvvJvvvvvOI

(Intergovernmental Panel On Climate Change (IPCC)).yvvtvvOFvv9AJ!vvAvv9FvvHGFvvAvv}vv9fvv97vv9
(GCgvQhpv?|v#sv=v{Gyv=v9IvDv_Gyvgvzv}v+v_)|vAv}vDvzv?<vOb

q
FvQSG !vPGQ<v+#fv9|v?G}pvQGOh<v+#

Yv9!vgv,GyvtvQGQGJGyvTv+v9Sv+v?Iv(dGyvgv9D.yvtvO<v9@vBGyvWv(G$vOGyvgvzv}v+v?fv̂GQ@vqv9YIvQGQI
Gyvvvwvvv(vvvv>G6fCsvvv(i|vvv#CjhsvvvB|vvv]vvv),h<vvvJvvv+vvvEGQ@vvvqvvvgvvvBIvvvQGQIGyvvvwvvv(vvvv>C9<vvv+#

1,4vvvvv5,8OQF?|8(*?(10)
f=QGytQfGC9\,CjCvDQGQ@q9f9

k
F9@~q@(sg&S9<t9

k
.

(10)Sara E. Wilson, «Global Warming Changes the Forecast for Agriculture,» in: Per Pinstrup-

Andersen and Rajul Pandya-Lorch, eds., The Unfinished Agenda: Perspectives on Overcoming Hunger,

Poverty, and Environmental egradation (Washington, DC: International Food Policy Research Institute

(IFPRI), 2001).
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h|vvv#GCgvvvQhaCfGQ@vvvqvvv9YOQFvvv9JGAvvvQGQI*vvvtvvv(OE]GQ@vvvqvvv9Y|vvvTvvvAvvv(*vvv9JGyvvv=vvvJvvv9Q,
h<v9yvAv9[IvOhKGyvdv9$vQIGC"v9Lv+v?GyvWvO*vOIhGyvtv9Sv+v?vv9@vqv9ahGyvqv+v]v9!v9JhGyvgv(GYvr
hivv+vvQ$vv9.hyvvtvvOOQSvvBGyvvzvvGvv"vv?GyvvOhy+?yvvAvvjvv+vvQGC"vv9N(IPCC)vvv;

k
|vv#GyvvAvvjvv+vvQGJGC"vv9Lvv+vv?

GCA(sg?,h@zC+QGJ$PgGyAj+QGJf^Gy"W9_9JGy=WQ*?<}9p+%9Gy"W9_9JGyRQGf+?.

hpv,|vgvdv~GAv9:JhGyvavQbGyvAv,@vOQS@vjv+vQGJGC"v9N*vAv=v_Cf
q

$vPGGyvAvjv+vQ*vtv(O
E]@vvvjvvv+vvvQGJpvvv,GyvvvRQGfvvv?Ivvv+vvvDvvv}vvv9hsvvvgvvvB$vvvPgGyvvvAvvvjvvv+vvvQGJIvvv(dGyvvvgvvv9Dvvvv}vvv9@vvvtvvv(dSvvv+"Dvvv+vvv9
QhR!vvvvvqvvvvv9*vvvvvk(Cynthia Rosenzweig)Gyvvvvv=vvvvv9IvvvvvDvvvvv?pvvvvv,Ivvvvvavvvvv?!vvvvv9Svvvvv9G}|vvvvvQ*vvvvvwvvvvv+vvvvv?(National

Aeronautics and Space Administration (NASA))hp,F9|g?v(y(|=+9.

1vvvvvGyRQGf?@WgQ<9AQGQI
<vv9yvvQivv~|vv#Cf

q
Gyvvgvvzvv}vv9Aivv+vvQ|vvAvvzvvvO*vv#<vv}vvtvvOGQGyvvAvvjvv+vvQGyvvPjSvv+vvJvvOKpvv,vvv(vvv>

G}QVh:<v9yvwv+vqv+v?GyvAv,Sv+v|CvQpv+v%v9$vPGGyvAvjv+v+vQfv̂GyvRQGfv?,E:Cf@v(svgv97v~@vAvRG*vO
@vv9!vv>G6Cvv9QG Kvv9<vv+?ChGC]vv+vv8vv?GCJvvAvv}vvzvv?yvv%vvPGGyvvAvvjvv+vvQpvv,IvvQGQIGyvvwvv(vvv>.pvvtvvOChQO
@vvvtvvvQ*vvvQGyvvvzvvvGvvv"vvv?GyvvvOhy+?yvvvAvvvjvvv+vvvQGC"vvv9NGCPvvvv(QIB!vvvqvvv9

k
(IPCC)yvvvWvvv%vvvQVvvv=vvv9W/pvvv=vvvQG*vvvQhyvvvgvvv9e

2001GyA9[:

Cvvvvv*}w#Cf@R*OGC+9gGCA(GpQIp,<g^GC"9_uGC(Y(p?I9y+9
k
<9y"OQIGC9F+?.

Hvvvvv*}w#;t+ui;df9y+?p,GC"9_uGCa+QIh<g^GC"9_uV=&G@9p?.

Lvvvvv*}w#Cf*R*OfQVG}LW9HGyg9C,(Timber).

pvvvv,$vvvvPGGBvvvvZvvvv(U*vvvvtvvvv(dQ*vvvvAvvvvWvvvv9QOBOG|vvvvR(Richard Adams)CSvvvvAvvvv9PG:svvvvAvvvvZvvvv9O
GyvvRQGfvv,hGC(GQOGyvvavv=vv+vvgvv+vv?pvv,Fvv9|vvgvv?ChQ*vvjvv(fpvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?E!vv&:
z*v}vwv#;vtv+vuiv;dfv9y+?yvzv}vJv9Yv+v{hR*v9OIfvQVG}LvWv9HGyvgv9C,<vqvgv{CCvQCv"v9Fv,
ChvvvTvv+vvOGyvvwvvQ<vv(fGyvvAvvTvv}vv+vvOj,EP@vvROGOSvvQfvv?!vv}vv(Gyvv"vv=vv9@vv9Jvvvzvv}vv9RGOJvvv}vv+vv?Cvv"vv9Fvv,
ChvT+OGywQ<(fp,G@(h<9yA9[@ga,$PgGy"=9@9Ji;:

k
CvDQy.

vvPyvxCVv9OJGyvAvGv9QHG@v9Q*v?pv,$vPGGCGv9d<v9yvqv(GFvOGyvwv9|v"v?CTvAv(*v9JCv"v9Fv,
ChvvvTvv+vvOGyvvwvvQ<vv(f,E:CfGyvv=vv9IvvEGCPvvv(QLvvPQh*vvtvv(d:zyvvtvvOQhsvv=vvB=vv+vvhGyvvAvvGvv9QH
hOQSvvB=vv+vvhBCvv9Q$vv9h=vv+vvhGAvv9:JJvv=vvQ*vv9

k
hsvvO:*vvwvv(fGyvv(\vvhvvvPyvvxfvv̂|vvTvvAvv(i

GAvvvvtvvvv(dChGCRGQfvvvv_,pvvvv9C9AChGyvvvvwvvvvQ<vvvv(fyvvvv#*vvvvwvvvv(fvvvvv9pvvvv+vvvv9
k
pvvvv,|vvvvDvvvv{Ch\vvvv9Y$vvvv|:A

GCRGQfv_h<v9yvAv9[pvzCvQCv"v9Fv,ChvvTv+vOGyvwvQ<v(fGyvAvTv}v+vOj*v}vwv#C:*vwv(fvv=v+vQG
k

vv}v9$v(
GA9dp,GyAG9QHy.
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|vv#Fvv%vv?Cvv9!vv+?yvv#@vvwvv(fpvv(GFvvOCvv"vv9Fvv,ChvvvTvv+vvOGyvvwvvQ<vv(fGyvvAvvTvv}vv+vvO*vv?|vvAvv(GpvvQIhyvvqvvAvvQI
_v(*vzv?,}f

q
R*v9OICv"v9Fv,ChvvTv+vOGyvwvQ<v(f@vdv%vQCh@vAv=vzv(Qpv,iv;dGCJv9Yv+v{GCOfv(|v?

pvvtvvbfvv"vvO|vv9*vvwvv(f|vvAvv(SvvbGAvvQGQIGyvvTvv"vv(j*vvR*vvO<vvzsvv{|vv#fvvOIOQFvv9J.hEPG|vv9GQ@vvqvvh
|vvAvv(SvvbGAvvQGQIGyvvTvv"vv(jpvv(bPyvvxGCgvvOd@vvqvvtvvOGC"vv9_vvuGCavv+vvQIG}CvvQGyvvAvvTvv}vv+vvOjyvvDvv"vv9Fvv,
ChvT+OGywQ<(fh<9yA9[@"Mq^i;d$PgGCJ9Y+{.

C|qv9G}sv9y+~Gyvgv9C+v?G}LvQipv;@vAvz|v{<v9yvqv(GFvOGyvwv9|v"v?yvAvjv+vQGJGC"v9N,EP@vtv(d
QhR!vvqvv9*vvk(11)

pvv,$vvPGGCGvv9d:z$vv"vv9cCCvvQEKvv9NIvvOhOFvvOG
k
yvvAvvjvv+vvQGJGC"vv9Npvv,GC"vv9_vvu

G:SvAv(GFv+v?IvAv)pv,GCOiGyvtvZv+vQy.Iv+vE@vWv+vQ@v"v=v|GJGyvzvGv"v?GyvOhy+?yvAvjv+v+vQGJGC"v9N
E]@vvtvvzvv[ivv;dGCJvv9Yvv+vv{pvv,|vvgvvdvv~G}svv9y+~G:SvvAvv(GFvv+vv?hVvv=vv&G:SvvAvv(GFvv+vv?,vvvPyvvx
CVvvv9QJE]R*vvv9OIJvvv9_vvvQGyvvvqvvv+vvv]vvv9!vvv9Jh@vvv"vvv9svvv[fvvvQVGC+vvv9gh<vvvMvvv9Yvvv?pvvv,GC"vvv9_vvvuVvvv=vvv&
G:SA(GF+?.

E\vv9pvv?E]G6Cvv9QGC=vv9VvvQI:Q@vvqvv9YOQFvv9JGAvvQGQI,$vv"vv9c@vvjvv+vvQGJpvv,|vvTvvAvv(*vv9J
Gyvvv%vvvavvv{GCavvvQj,GyvvvAvvv,EvvvDqvvvzvvvB<vvvdvvv(G$vvvQ|vvv"vvv9Lvvv+vvv?CvvvvDvvvQVvvvOIhsvvvTvvv(I,<vvv}vvv9pvvv+vvv%vvv9|vvvgvvv9!vvv9I
GyvvvRQGfvvv?,|vvv#G6Cvvv9QGC=vvv9VvvvQIyvvvAvvvjvvv+vvvQGJGC"vvv9N,hGCAvvv}vvvDvvvzvvv?<vvvR*vvv9OIG6pvvv9JhG}|vvvQGV,
h<vvAvvO$vv(QsvvTvv~|vv#G}QG\vv,<vvTvv=vv>@vvwvvDvv+vvrGyvvRQGfvv?pvv+vv&,hvvvPyvvxGRO*vv9O|vvTvvAvv(*vv9J
_vv=vvtvv?G}hRhfGyvvAvv,COqJ,h@vv|Oj,E]R*vv9OIJvv9_vvQ@vvzvv(KGCJvv9Yvv+vv{.hsvvO@vvwvv(f$vvPg
G6Cvv9Qivv+vvQGC=vv9VvvQICvvvDvvQCGvv+vv?|vv#G6Cvv9QGC=vv9VvvQIGyvvAvv,OQSvvB@vvtvvQ*vv=vv9

k
IvvAvv)G6fvvv}vv9

*t(dBOG|R.

|vv#Fvv%vv?CLvvQi*vvtvv(dGCO*vvQGyvvgvv9e|vv+vvQ*vv{h*vvz+9|vvR(Meryl Williams)CQvvvRGyvvZvv+vvO
Gyvvvgvvv9C,(World Fish Center) ICLARM)pvvv,$vvvPGGCGvvv9d:z@vvv]vvvjvvvbGyvvvwvvvDvvv+vvvQGyvvvwvvvDvvv+vvvQ|vvv#
GC"vv9Lvv9JGyvvtvv9Svv+vv?hVvv(G$vvO$vv9fvv̂!vvdvv~E!vvAvv9LG}Svv}vv9cGyvvavv=vv+vvgvv+vv?hG:Yvvavv"vv9fvv+vv?h@vvR*vvO
<vv9yvvAvv9[|vv#;vvO*vv9JG}pvvQGOGyvvP*vv#@vvAvv(svvrIvv+vv97vv~hivvPGD$vv~fvvz+%vv9y(12).vvvPyvvxSvvAvvgvv9P
GAv+v(G!v9JC*v]v9

k
GQ@vqv9fv9

k
pv,OQFv9JGAvQGQIGyvWvO*vOI,vv}v9*v}vwv#Cf@v"vMvqv̂vv}v+v9J

G}fvvv;aGBvvv9Yvvv?6vvv9,h<vvv9yvvvAvvv9[@vvvAvvv"vvv9svvv[vvvv}vvv+vvv9JivvvPGFvvv%vvv9h@vvvAvvv"vvv9svvv[IvvvGvvv(esvvvavvvgvvv98vvv9.
h*vvAvvQ@vv>fvv̂PyvvxG!vvMvvqvv9Vvvv}vv+vv9JE!vvAvv9Fvv%vv9h$vv,vvv}vv9!vvgvvzvv~|vvZvvOQivvPGFvv,CSvv9Svv,
y5!T9f(GAz+>hGyzJ~).

E:
q

Cf
q

GyvAv(svgv9JGAv9y+?yvAvjv+vQGJGC"v9N@vWv+vQE]fvOe7vO*vOG}|v#GyvjvPGFv,Gyvgv9C,

(11)Cynthia Rosenzweig and Martin L. Parry, «Potential Impacts of Climate Change on World

Food Supply,» Nature (13 January 1994).

(12)Wilson, «Global Warming Changes the Forecast for Agriculture».
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IvvAvv)8vv9*vv?GyvvtvvQfGAvv9[,CjGyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#.E:C!vv&Kvv>Gyvvtvv(dEfGyvvAvvjvv+vv+vvQ
GC"vvv9Lvvv,Svvv+vvvAvvv=vvvzvvv(Q<vvvWvvvwvvv{CvvvvDvvvQSvvvzvvv=vvv+vvv?fvvv̂|vvvTvvvAvvv(iG}svvv9y+~hGC"vvv9_vvvu,pvvvtvvvOCVvvv9QJ
GBv=vQGJGAv9y+?E]|vgv9!v9IGyvgvO*vO|v#|v"v9_vuGyvgv9DGyvdv9$vQIGC"v9Lv+v?Gyvtv9Sv+v?hGyvWvO*vOI,
GyvAv,G!vgvwvTvBSvzv=v9

k
fv̂iv;dGCJv9Yv+v{GyvRQGfv+v?.hIvAv)EPGD*vAvgvQVG}|v#GyvjvPGFv,

Gyvvvgvvv9C,yvvvzvvvMvvvb,pvvv}vvv#GCJvvvAvvv}vvv{Cf*vvvTvvv=vvv>GyvvvAvvvjvvv+vvv+vvvQGC"vvv9Lvvv,G@vvv(YhfvvvOeGyvvvQ\vvv)yvvvOi
CFRGAfO*OI|#Gyg9DGy"9|,.

Ef
q

GyvvAvvjvv+vv+vvQGC"vv9Lvv,:*vv|CvvQpvv,G}svv9y+~G@vvjvvQGpvv+vv?GCMvvAvvzvvqvv?<vvWvvwvv{FvvRFvv,pvvtvvb,
hE!vvv}vvv9*vvv|CvvvQpvvv+vvv%vvv9fvvv=vvvQGyvvvR|vvv#hG}Fvvv+vvv9d.*vvvtvvv(d<vvv(dpvvv9*vvvE(Paul Faeth)|vvvO*vvvQ|vvvWvvvQhY
G:svvAvvZvv9OhGyvvTvvwvv9fpvv,|vvgvv%vvOGC(GQOGyvvOh[:z@vvO|vvQGyvvdvv9$vvQIGC"vv9Lvv+vv?Gyvvtvv9Svv+vv?GyvvRQGfvv?
p,<g^GyT"_hsO*w(fy%9@zC+Q_q+rp,S"(GJCLQiy(13).

2vvvvvGyRQGf?$,GyT=>ChGCP!=?
@vv"vvAvvHGyvvRQGfvv?!vvqvvTvv%vv9Ivv(G]20pvv,GC8vv?|vv#ivv9RGJGyvv=vv+vv(JGyvvRFvv9Fvv+vv?GCTvv|hyvv?

fvv#IvvQGQIGyvvwvv(vvv>,h<vv9yvvAvv9[pvv9yvv"vvWvv9_vv9JGyvvRQGfvv+vv?@vvZvvOQvvv}vv+vv9Jvvv=vv+vvQI!vvTvv=vv+vv9
k

|vv#
iv9RGJGC+vAv9fhChvvTv+vOGyv"v+vAvQhFv_,pv}vDv;

k
*v"vAvHiv9RGC+vAv9ffv#@vQvv+v>GC9OIGyvgv]v(*v?

h<vvMvv9Yvv?pvv,G}QG\vv,hGAvvtvv(dGCRQhfvv?<vv9}QR@vvavv(*vvqvv9
k

,hvvvPyvvx<vv(GSvvavv?fvv}vvz+9J

Gyvv%vv]vv~GBvv9Yvv?<vvtvvavvgvv9fGAvv+vv(G!vv9JGCGvvAvvQI|vvDvv{G}<vvtvv9Q.vvvPyvvxpvv,G}QG\vv,Gyvvjvv9<vv(*vv?
GCJv(qyv?yv;SvAvgv}v9:JGyvRQGfv+v?,*v"vAvHChvvTv+vOGyv"v+vAvQhFv_hpvtv9

k
:SvAvgv}v9:JG}Sv}vOI.

EPG
k

GyvRQGfv?@vgvAv=vQ|vTv|hyv?fv#50pv,GC8v?|v#@vzv(Cv9JGC+vAv9fGBv9Yv?<v9yvTvwv9fh70pv,
GC8v?|v#@vzv(Cv9JChvvTv+vOGyv"v+vAvQhFv_(14).h<v9yvAv9[@vzvgv>GyvRQGfv?OhQG

k
Yvjv+vQG

k
!vTv=v+v9

k
pv,

GCTvv9Gvv?Gyvvwvv=vv+vvQIyvvR*vv9OI@vvQvvv+vvRGJivv9RGJGyvv=vv+vv(JGyvvRFvv9Fvv+vv?,h<vvMvv9Yvv?Cvv"vv9Fvv,ChvvvTvv+vvO
GyvwvQ<v(fGyv"v9@vH|v#GyvZv"v9fv9JGyv"vqvav+v?hIvQbGyvjv9<v9Jhpv;Iv?G}QG\v,GyvRQGfv+v?.pv,
$vvvPGGCGvvv9d*vvvtvvv(dSvvvAvvv9!vvv\hhO(Stanley Wood)Gyvvv=vvv9IvvvEpvvv,|vvvgvvv%vvvO<vvvJvvv(KSvvv+vvv9Svvv9J
GyvjvPGAGyvOh[(International Food Policy Research Institute (IFPRI)):zfv"vO|v9@vAvJv(d
Gyvvjvv9<vv?ChG}QG\vv,GyvvQfvv(*vv?E]G:SvvAvvgvv}vv9:JGyvvRQGfvv+vv?,pvv{8vv9@vvqvvtvvOvvv}vv+vv?vvv=vv+vvQI|vv#
GyvvwvvQ<vv(fh<vvgvvOfvv}vvz+?GyvvAvvJvv(d(Conversion)<vvRqfvvv}vv+vv?Csvv{|vv#GyvvwvvQ<vv(fpvv,GyvvAvvQ<vv?
GCJvvv(yvvv?hpvvv,GCJvvvZvvv(dhpvvv,G}QG\vvv,GyvvvQfvvv(*vvv?,Ivvv+vvvE*vvvavvvzvvvuGyvvvwvvvQ<vvv(f<vvvgvvvOIvvvZvvv9O
GCJvv9Yvv+vv{hEFvvQGAGyvvgvv}vvz+9JGyvvRQGfvv+vv?G}LvvQi.Ef

q
GAvvOq|vv#fvv}vvz+?pvvtvvOGyvvwvvQ<vv(f$vvPg

(13)GCZOQ!qT&.

(14)GCZOQ!qT&.
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@vgv(OE]Gyvgv}vz+9JGyvRQGfv+v?h_vQbEFvQGFv%v9,vv{IvOiGyv(Sv9Fv{GyvAv,Evw
q
v#GCRGQfv_|v#

<q+rh_zI(Mitigate)|Wwz?GyAj+QGC"9L,y(15).

3vvvvvGAO|#f}z+?GyAj+QGC"9L,
@vvvvtvvvv(dSvvvv9QIVvvvv+vvvvQ(Sara Scherr)G}SvvvvAvvvv9PGCTvvvv9fvvvvOpvvvv,svvvvTvvvv~G:svvvvAvvvvZvvvv9OhGC(GQO

GyvvRQGfvv+vv?pvv,Fvv9|vvgvv?|vv+vvQ*vv;!vvOG}|vvQ*vvwvv+vv?:z@vvgvvAvv=vvQG}!vvdvv}vv?Gyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?|vvTvv|hyvv?fvv#
18vvvvv24pvvv,GC8vvv?|vvv#@vvvzvvv(Cvvv9Jivvv9RGJGyvvv=vvv+vvv(JGyvvvRFvvv9Fvvv+vvv?y(16).h@vvvAvvv9<vvvhGyvvvtvvv(d:zEf

q

Lvvqvv̂GyvvAvvzvv(Cvv9JGyvv(GQOI|vv#GyvvZvv"vv9fvv9JGyvv"vvqvvavv+vv?$vv,G}pvv]vvz+?G}h],hE!vv&|vv#Gyvvjvv=vv9A
Gyvv"vvdvvQE]|vv9@vvTvv9$vv~<vv&GyvvRQGfvv?<vv}vvtvv9Q!vvAvv%vv9<vv9yvvAvvzvv(Cvv9JGyvv"vvqvvavv+vv?y.pvv,\vv(APyvvx*vv"vv9svvX
Gyvv=vvgvv̂pvv,<vvgvv̂G}|vv(QG Kvv9<vv+?GyvvAvv,*vv}vvwvv#GyvvRQGfvv?Gyvvtvv+vv9e6vv9Avv{|vvWvvwvvzvv?GyvvAvvjvv+vvQ
GC"vv9Lvv,,hPyvvx,<vv9AvvO|vv#G:SvvAvvgvv}vv9dGCqvvQWyvv;RhJvvvTvv}vv9O|vvgvvOP|vvDvv;

k
,h<vvPyvvx

*vv}vvwvv#GCRGQfvv_GCTvv9Gvv?<vvMvvqvv̂GyvvAvvzvv(Cvv9JGBvv9Yvv?<vvDvv9PChvvvTvv+vvOGyvv"vv+vvAvvQhFvv_,vvv}vv9
*vv}vvwvv"vv%vv~C*vv]vv9

k
Lvvqvv̂@vvzvv(Cvv9Jivv9RGC+vvAvv9fGyvv"vv9@vvH|vv#GAvv+vv(G!vv9J<vv9SvvAvvMvvOGeG}fvv;a

GCJT"?.

Ef
q

GSvAvQG@v+Gv+v9J<vR*v#vv}v+v9Jvv9pv+v?|v#GyvwvQ<v(fpv,GyvAvQ<v?hG}VvGv9QhGyv"v=v9@v9J
G}LvQi,Sv(a*vTv9fvOpv,Lvqv̂IvQGQIvv(vv>G}QVfv=vQfv}vz+9JpvZv{ChfvRd
GyvvvwvvvQ<vvv(f(Sequestration),CjGyvvvgvvv}vvv{fvvv̂R*vvv9OIvvvv}vvv+vvv?GyvvvwvvvQ<vvv(fpvvv,vvvv{|vvv#GyvvvAvvvQH
hGyvvv"vvv=vvv9@vvv9JhGIvvvAvvvqvvv9cvvv%vvv9<vvv&(Retention).h@vvvWvvv}vvv{$vvvPgG:SvvvAvvvQG@vvv+Gvvv+vvv?@vvvgvvvQ*vvv?ChERGyvvv?
Gyvvvjvvv9<vvv9J(Deforestation)<vvvWvvvwvvv{IvvvOhO(;vvv(*vvvzvvv%vvv9E]:SvvvAvvvMvvvOG|vvv9JGyvvvRQGfvvv+vvv?)fvvv=vvvQ
GSvvAvvMvvOGe@vvtvv"vv+vv9JRQGfvv+vv?Cpvv]vv{(GAvvZvv(dfvv̂ivv;dCvvvDvvQ*vvgvv"vv,Lvvqvv̂GAvv9Fvv?yvvRQGfvv?
|vTv9Iv9JE\v9pv+v?,hLvqv̂vv}v+v9JGyvwvQ<v(fGCqvtv(OIfv=vQGyvgv}vz+9JGyvRQGfv+v?h<vMv9Yv?
f}z+9J;]+QG}QVyzRQGf?.

h*vv}vvwvv#;vvtvv+vvufvv}vvz+?fvvRdChpvvZvv{GyvvwvvQ<vv(fGCPvvv(QICfvv;g<vv{Kvv9O_vvQb(Sinks)

yvvvR*vvv9OIvvvv}vvv+vvv?GyvvvwvvvQ<vvv(fGCMvvvRffvvv̂SvvvavvvKGyvvvwvvv(vvvv>,hPyvvvx<vvv{fvvv9OIRQGfvvv?Gyvvvjvvv9<vvv9J
GCAvvO$vv(QI,h$vv(GCDvv9dG}vvvDvvQh\vv(Ivv9

k
pvv,$vvPgGyvvTvv+vv9Svv?.vvvPyvvx$vv"vv9cIvv{hGfvvOBLvvQ

*vAv}vDv{<vRQGfv?G}VvGv9Qpv,G}QG\v,GyvRQGfv+v?(Agroforestry).yvtvOhFvOJ$vPgGyvAvtv"v+v?
Ofvv}vv9

k
|vvAvvRG*vvOG

k
hpvvtvv9

k
C9*vvtvv(yvv&<vv+OQhSvv9!vvWvv+vvR(Pedro Sanchez)GCO*vvQGyvvgvv9eCQvvvRGyvv=vvJvv(K

GyvRQGfv+v?Gyvjv9<v(*v?:zvv(8v9:@vTv9fvOpvtvbfv̂<vR*v#GyvwvQ<v(fpvtvb,hE!v}v9@vTv9fvOC*v]v9
k

(15)GCZOQ!qT&.

(16)GCZOQ!qT&.
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fvvv̂;vvvTvvv_Gyvvvjvvv;dpvvv,G}QG\vvv,GyvvvRQGfvvv+vvv?fvvv=vvvQ;vvvTvvv_hR*vvv9OILvvvZvvv(<vvv?GyvvvAvvvQHh|vvv"vvvh
G!vvGvvQGpvv%vv9,hvvvPyvvx<vv}vvTvv9fvvOIfvv}vvz+?|vvQGsvv=vv?!vv}vv(G}fvvWvv9Hh|vvwvv9pvvJvvAvv%vv9;pvvgvv"vvORQGfvv?
G}VvvGvv9Qpvv,$vvPgG}QG\vv,*vvAvv}vvwvv#GCRGQfvv(fGyvvqvvtvvQGA|vv#R*vv9OIC|vv"vv%vv~GyvvjvvPGFvv,E\vv9pvv?
E]Lvqv̂Cv9PChvvTv+vOGyvwvQ<v(fpv,G@v(y.h*vAv9<vhSv9!vWv+vRGyvtv(d:z*vAv}vDv{GyvWv,AGC%v~
pvvv,$vvvPgG@vvv%vvv(Opvvv,\vvv~qGyvvvgvvv"vvvZvvvQGyvvv=vvvWvvvQjChGyvvvTvvvwvvv9P(G !vvvTvvv9fGyvvvqvvvtvvv+vvvQhG@vvv9Fvvvh)E]
Gyg}z+?hGAZ(df^p(GFO<+8+?f9C+?p,Gy(sB!qT&y(17).

h*vvvgvvv=vvvQfvvv#fvvv}vvvz+9JGyvvvAvvvWvvvGvvv+vvvQ(Agroforestry)GAvvv9y+?GyvvvAvvv,*vvvtvvv(e6vvv9GyvvvwvvvDvvv+vvvQ|vvv#
GyvvOhd<vv9SvvAvvQG@vv+Gvv+vv?GyvvQ<vvKvvvvvGyvvQ<vvK(Win-Win)yvvOiLvv=vvQGA@vvjvv+vvQGC"vv9NIvv+vvE*vvtvv(yvv(f:
zE8vv9GSvvAvvQG@vv+Gvv+vv?@vvjvv+vv+vvQGC"vv9Nh@vvtvvO*vv~GC"vv9pvvhGyvvTvvQ*vvgvv?hGC=vv9VvvQIyvvzvv}vvRGQfvv_.E8vv9Ivvtvv+vvtvv?
fv}vz+?E<vav9AGCWv9vv{Gyv=vgv+vOIGCOi,EPKv>Gyv"vdvQE]Gyvqv(GFvOChGCwv9pv5JGyvTvQ*vgv?GyvAv,
@vvtvv"vvhGyvvTvvwvv9fhG}pvvQGO<vvAvvavv=vv+vvuGyvvAvvjvv+vvQGJGCJvvOCvv?yvvzvv}vv"vv9pvvhy,h*vvAvv9<vvgvv(fGyvvtvv(d:z$vv"vv9c
GyvvgvvO*vvO|vv#G}Vvv+vv9AGyvvAvv,@vvTvv9fvvOfvv̂R*vv9OIG !vvAvv9Fvv+vv?hPGJ|vv"vv9pvvh|vv"vv9Lvv+vv?y.h@vv(Gpvvu
Qh<vv#Q*vvO(Robin Reid)G:LvvAvvZvv9Yvv+vv?pvv,G}!vvdvv}vv?Gyvv=vv+vv8vv+vv?pvv,|vvgvv%vvO<vvJvv(KGAvv+vv(G!vv9J
GyvvvOh[,<vvvzf

q
ESvvvAvvvQG@vvv+Gvvv+vvv9JGyvvvQ<vvvKvvvvvGyvvvQ<vvvKyvvv%vvv9OhQ|vvv%vvv~@vvvzvvvgvvv=vvv&hyvvvwvvv"vvv%vvv9@vvvtvvvOe;vvvP*vvvQG

k

(Caveat).h<vvgvvOhYvvrG:SvvAvvQG@vv+Gvv+vv?GCAvv}vvDvvzvv?<vv9SvvAvvMvvOG|vv9JCpvv]vv{yvvAvvjvvP*vv?GAvv+vv(G!vv9J
hGC"vgvwvTv?<vAvJvTv_!v(fv+v?GAvz+>hGyvzvJv~GC"vAvGv_|v"v%v9hLvqv̂@vzv(Cv9Jiv9RGC+vAv9fpv,
Gyvvv(svvvB!vvvqvvvTvvv&,@vvvtvvv(dG:LvvvAvvvZvvv9Yvvv+vvv?GyvvvTvvv9<vvvtvvv?,|vvv#Fvvv%vvv?CLvvvQi,Ef$vvv"vvv9cVvvvwvvv(vvvv9

k

(Skeptical)pvv,GSvvAvvQG@vv+Gvv+vv?GyvvQ<vvKvvvvvGyvvQ<vvKGCPvvv(QIvvv(8vv9:@vv(\vvKOGFvv}vv9
k

GyvvAvvtvvO*vvQGJ
GyvvwvvQ<vv(!vv+?Gyvvwvvz+?GBvv9Yvv?<vv9Avv{,pvv}vvDvv;

k
, !vvAvv9L!vv(fvv+vv?Fvv+vvOI|vv#G}fvv;aGAvv+vv(G!vv+?

Kv>GSvAvMvOGevv}v+v9JCvv=vQ|v#G}Sv}vOI !vAv9LG}fv;aGCPvv(QI,|v9*vR*vO|v#fv}vz+?
GyvAvzv(KGyvAv,*v}vwv"v%v9Cf@vAvqv(bCh@vR*vO(Overcompensate)fv#IvGv~GyvAvzv(KGC"vMvqv̂
Gy(GQO|#GA+(G!9J.

4vvvvv@"d+~Gy=+(JGyRF9F+?Gyg9C+?

Ivv9y+9@vvAvv"vv9svv[G6Cvv9QGCAvvgvvzvvtvv?<vvAvvjvv+vvQGJGC"vv9Nhpvvtvv9
k

C9@vvtvv(yvv&GyvvzvvGvv"vv?GyvvOhy+?yvvAvvjvv+vvQ
GC"v9N(IPCC),Iv+vECpv9OJCffvtvOGyvAvTvgv+"+v9J|v#GyvtvQfGC9\v,vv9fG}vvDvQGQ@vqv9fv9

k

yvzvJvQGQIpv,_v=vtv9JG@v(GyvWv}v9y+?Lv;dG}yvrG}Lv+vQI|v#GyvTv"v_.Ef
q

G@v%v(OGyvgv9C+v?
GC=vvPhyvv?yvvAvvtvvz+[(Mandate)@vvzvv(Cvv9Jivv9RGJGyvv=vv+vv(JGyvvRFvv9Fvv+vv?svv+vvOGyvvOQGSvv?|vv"vvPfvvtvvO
GyvvDvv}vv9!vv+"vv+vv9J|vv#GyvvtvvQfGyvvgvvWvvQ*vv#.hIvvAvv)EPGvvv9!vvB$vvPgGyvvAvvzvv(Cvv9JOQG|vv9@vv+wvv+vv?,pvv+vvGvv>

(17)GCZOQ!qT&.
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fvv̂GCRGQfvv_@vv=vv"vv,GyvvAvvjvv+vvQGJGC"vv9Lvv+vv?GyvvAvv,;vvOO(Preordained)fvv=vvQ|vvTvvAvv(*vv9Jivv9RGJ
Gy=+(JGyRF9F+?GC(F(OIp,CF(GAGyw(v>.

|vvv#Fvvv%vvv?CLvvvQi,@vvvTvvvAvvv}vvvQGyvvv=vvvJvvv(KGAvvv9y+?pvvv,Ofvvv~pvvvwvvvQI@vvv=vvv"vvv+vvv9JCh@vvvwvvv+vvvqvvv9J
GCRGQY(Adaptations)vvvv(8vvv9|vvv#G6y+9JGyvvvQFvvv+vvvTvvv?yvvvzvvv}vvvJvvv9pvvvdvvv?fvvv̂G !vvvAvvv9LGyvvvRQGfvvv,
Gyvgv9C,|v#Gyv%v=v(WGyvTvQ*vhIvAv)hyv(RGOJOQFv9JGAvQGQIfv9C+v9

k
?vUOQFv9J|v8v(*v?

vvv}vv9*vvtvv(dQhjOGQh*vv#(Roy Darwin)
(18)GLvvAvvZvv9Yvv,G:svvAvvZvv9OGyvvRQGfvv,pvv,|vvO*vvQ*vv?

<J(KGBO|9JG:sAZ9O*?<(RGQIGyRQGf?p,Gy(:*9JGCAJOIG}|Q*w+?.

h@vvWvv}vv{$vvPgGyvvAvv=vv"vv+vv9JGyvvRQGfvv+vv?vvv;
k
|vv#R*vv9OIGyvvQjIvv+vvDvv}vv9@vv(GpvvQPyvvx,hRQGfvv?

CYv"v9a|vAvgvOOI|v#GCJv9Yv+v{,h@vjv+v+vQ|v(Gfv+vOGyvRQGfv?hGAvZv9OhGyvAv(Svhpv,Gyv(Yv(d
E]G}Svvv(Gb,h;vvv(*vvv{G !vvvAvvv9LGyvvvRQGfvvv,|vvv#|vvv"vvvavvvtvvv?E]CLvvvQi(GyvvvOhQGJGyvvvRQGfvvv+vvv?).
h*vv}vvwvv#@vvavv=vv+vvu<vvgvv̂$vvPgGyvvAvv=vv"vv+vv9J|vv#svv=vv{<vvgvv̂GCRGQfvv_G}pvvQGOhIvvO$vv~,vvv}vv9
*vv}vvwvv#GCRGQfvv_G6LvvQ*vv#GyvvAvvgvv9hf<vvgvv]vv%vv~|vvh<vvgvv̂h_vvzvv>GCTvv9fvvOI|vv#GC"vvdvv}vv9J
GBvv9QFvv+vv?<vv}vv9pvv+vv%vv9Gyvv(vvv9:JGyvvOhy+?GCMvvAvvZvv?<vv9yvvAvv"vv}vv+vv?,hvvvPyvvx|vv#Gyvvtvvavv9YGyvvZvv"vv9fvv,
GB9UhGAw(|9JGy(_"+?.

*vvtvv(dQhR!vvqvv9*vvkpvv,$vvPGGCGvv9d:zEf
q

GCRGQfvv_Svv(a*vvAvv=vv"vv(fh|vv#OhfVvvxy,
hyvvwvv#|vv#GC%vv~GC;Ivvdvv?C!vv"vv9ivv+vvQsvv9OQ*vv#fvv̂GyvvAvv=vv"vv,Gyvvwvv9|vv{yvv(Gsvvh|vv"vv9Lvv"vv9GAvv9[,
pvvv}vvvTvvv|hy+?GyvvvRQGfvvv?GAvvv9y+?@vvvgvvv(OE]fvvv(G|vvv{O*vvv"vvv9|vvv+vvvwvvv+vvv?fvvvO*vvvOI|vvvDvvv{@vvvjvvv+vvvQG}Svvv(Gb
hGyvvAvv"vvdvv+vv~h_vvzvv=vv9JG}Svv(Gb,pvv,Ivv_@vv]vvh@vvjvv+vvQGJGC"vv9N\vvjvv(_vv9

k
CLvvQifvv̂Gyvv"vvdvv~

GyRQGf+?y(19).

Ef
q

GyvvvtvvvOQIfvvv̂@vvv=vvv"vvv,C!vvv(GYGyvvvAvvvjvvv+vvvQGJGyvvvAvvv"vvv=vvv|*vvv?CjGyvvv"vvvtvvv9WGyvvvAvvv,IvvvOO7vvv9GyvvvzvvvGvvv"vvv?
GyvvvOhy+?yvvvAvvvjvvv+vvvQGC"vvv9N(IPCC)@vvvAvvvavvvzvvv>G:svvvAvvvQGHhGyvvvO!vvv(|vvv#|vvv(GQOGCgvvvzvvv(|vvv9JhGyvvv=vvv"vvv+vvv?
GyvAvJvAv+v?hGyvAvtv"v+v9JGyvAv,:@vAv(GpvQfv9OIyvOiGyvTvwv9fGyvqvtvQGApv,GyvOhdGyv"v9|v+v?.h<vTv=v>
|vvgvv+vvWvv?GyvvgvvO*vvO|vv#$vv|:AG}pvvQGOpvv,OhdGC"vv9_vvuG:SvvAvv(GFvv+vv?hVvv=vv&G:SvvAvv(GFvv+vv?,h|vv#
GCJvvvAvvv}vvv{Cf*vvvwvvv(f|vvvgvvvdvvv}vvv%vvv~PhjLvvv=vvvQGJIvvvOhOIChSvvvzvvv=vvv+vvv?<vvv5Cvvv9Q@vvvjvvv+vvvQGJGC"vvv9N,
h<9yA9[p%~p,h\hLa+Q(Jeopardy).

h|vv#GC|SvvrCf
q

GyvvOhdGyvv"vv9|vv+vv?:@vvgvv}vv{Svv(iVvv,AIvvOhOyvvAvvMvvavv+vvbfvv}vvz+9J

(18)Roy Darwin [et al.], «World Agriculture and Climate Change: Economic Adaptations,»

(AER-703, U.S. Department of Agriculture, Economic Research Service, Washington, DC, Processed).

(19)GCZOQ!qT&.
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GyvvAvv=vv"vv,h<vvqvv+vvrGyvv(_vvzI(Mitigation)fvv̂GyvvTvvwvv9fpvv,$vvPgGyvvOhd.pvv,$vvPGGBvvZvv(U
@vtv(dGyv=v9IvDv?Vv+vQ:z$v"v9cSv=v>hGIvOyvAvgvzv~GC"vJv"v)GBv9U<v9yvAvjv+vQGC"v9Lv,,h*vAv}vDv{
Pyvvx<vv}vv(\vv(Y|vvgvvtvvOhVvv=vv&|vvTvvAvvJvv+vv{vvv(!vv&*vvzLvvPR|vv"vv9

k
_vv(*vv;

k
 Vvvgvv9dGyvvWvv}vvgvv?,hIvvAvv)

pvvv,GyvvvOhdGCAvvvavvv(QIIvvv+vvvE@vvv(FvvvOGyvvv=vvvJvvv(KGyvvvwvvv9pvvv+vvv?GyvvvAvvv,E
q
vvvBpvvv,GyvvvTvvv"vvv(GJGyvvvgvvvO*vvvOI

GC9\v+v?,E:CfCYvJv9HGyvtvQGQGJGyvTv+v9Sv+v?CLv+vQG
k
<vOChG*vtvzvtv(ffv̂GyvAvjv+vQGJGC"v9Lv+v?

h*Qi=(fp,f}{V,A|9<MZ(Y%9y(20).

5vvvvvGyAJqd9JGCAgzt?<Aj+QGJGC"9NGyg9C,

*vvtvv(dGCO*vvQGyvvAvv"vvqvv+vvPjCwvvAvv>GyvvRQGfvv?hGsvvAvvZvv9O*vv9JGC(GQOG}SvvAvvQG[<vvQ*vv9fpvv+vvWvvQ
(Brian Fisher)EfGCWvvwvvzvv?G}Svv9Svv+vv?<vvAvvjvv+vvQGJGC"vv9NGyvvgvv9C,(Global Climate Change)

@vAv}vDv{<vvv:h\vhGyvTvwv9fGAv9y+_GyvP*v#*v(GFv%v(f|vWv9vv{svO:@v|CvQpv+v%v~<vWvOIsv=v{|v8v?
fvv9esvv9O|vv?fvv̂G}svv{.h$vvPgIvvtvv+vvtvv?pvv,GyvvOhdGCAvvavv(QIhpvv,GC"vv9_vvuGCgvvAvvOyvv?(Temperate

Zones).$vPgGC"v9_vu:@vQiv>Iv9y+9
k

Cf@vWvgvQ<v96Cv9QGyvwv=v+vQIyvAvjv+vQGJGC"v9NIvAv)hyv(
IvvOCvvBhvvv9!vvB$vvPgGyvvAvvjvv+vvQGJSvv+vv8vv?pvvgvv;

k
y.yvvtvvOCOqJG@vv%vv(OGyvvwvv=vv+vvQIGyvv"vv,\vv}vv%vv9E_vv9Q

G@vvqvv9svv+vv?G}|vv~GCAvvJvvOIIvv(d@vvjvv+vvQGJGC"vv9N(United Nation Framework Convention on

Climate Change (UNFCC))6vvOaGSvvAvvwvv}vv9dGCqvv9h\vv9JGCAvvgvvzvvtvv?<vv=vvQh@vv(vvv(dvvv+vv(@vv(,
h$vv,|vvTvv(vOIG@vvqvv9svv+vv?fvv9C+vv?Ivv(dGAvvO|vv#Gyvvjvv9RGJGC"vv=vvgvvDvv?|vv#Gyvv=vv+vv(JGyvvRFvv9Fvv+vv?GCzvv(Cvv?
yvvzvv=vv+vv8vv?hGyvvQGpvvgvv?OQFvv9JIvvQGQIGyvvwvv(vvv>,hGyvvAvv,!vv(svvWvvBpvv,8vv9*vv?fvv9e2000@vvtvvQ*vv=vv9

k

hfoQpV|zM[y%9p,Y+rf9e2001hGC|Fz?I9y+9
k

IA)EVg9QBLQ(21).

Ef
q

GAvv9FvvRGyvvQFvv+vvU(Stumbling)G6f,*vvAvv}vvDvv{<vvgvvOeG:@vvqvv9b<vv+#GyvvOhdGCAvvavv(QI
hGyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?Ivvvv(d8vvvv9*vvvv?GyvvvvavvvvQ*vvvvuGBvvvv9U<vvvv9yvvvvjvvvv9RGJGCzvvvv(Cvvvv?hGyvvvv"vvvv9:vvvv?|vvvv#Gyvvvv=vvvv+vvvv(J
GyvvRFvv9Fvv+vv?,Ivv+vvE@vvgvvAvvtvvOGyvvOhdGyvv"vv9|vv+vv?,GyvvAvv,@vvAvvJvv}vv{Ivv9y+9

k
|vvTvv|hy+?Yvvjvv+vvQI!vvTvv=vv+vv9

k

<v9!v=vgv9KGyvjv9RGJGCzv(Cv?|v#Gyv=v+v(JGyvRFv9Fv+v?pv,G@v(,Cf
q

Chyv8vxGCTv=v=v_yv%vPgGCWvwvzv?
Kvv>Cf*vvAvvJvv}vvzvv(GIvvZvv?G}SvvOpvv,fvv>AIvv{$vvPgGCWvvwvvzvv?.|vv#Fvv%vv?Cvv9!vv+?@vvWvvgvvQGyvvOhd
GCAvvavv(QI<vvzffvv}vvz+?GAvvO|vv#G!vv=vvgvv9KGyvvjvv9RGJGCPvvv(QI$vv,|vv#|vvTvv|hy+?Chyvv8vvxGyvvtvv9Fvv}vv_
fvvv̂IvvvQb$vvvPgGyvvvjvvv9RGJGC"vvv=vvvgvvvDvvv?hGyvvv"vvv9:vvv?|vvv#fvvv}vvvz+9JGSvvvAvvvMvvvQGLGyvvv"vvvqvvvbhYvvv"vvv9fvvvAvvv&Cj
GyvOhdGC"vAvGv?yvzv"vqvb@vtvQ*v=v9

k
,h<v9yvAv9[Kv>Lvqv̂ChE<vav9AGsvAvZv9OGJ$vPgGyvZv"v9fv9JCh

Gy=JEf#_QbCvDQsOQIh|Qh!?(Flexible)C(GF%?|Aaz=9JGBq^GCtAQI?.

(20)GCZOQ!qT&.

(21)GCZOQ!qT&.
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h|vvvvh$vvvvPG,hSvvvv(GA@vvvv~qGyvvvv(Yvvvv(dE]G@vvvvqvvvv9svvvv+vvvv?vvvvv9|vvvvzvvvv?pvvvv,$vvvvPGGBvvvvZvvvv(Uhpvvvvtvvvv9
k

yvvvv=vvvvQh@vvvv(vvvvv(dvvvvv+vvvv(@vvvv(Ce:,vvvvv!vvvvdvvvvQG
k

E]G!vvvvTvvvvJvvvv9HGyvvvv(:*vvvv9JGCAvvvvJvvvvOIG}|vvvvQ*vvvvwvvvv+vvvv?|vvvv#
GC=v9IvDv9JGC=vQHv?yvZv+vrfv9e2001GC"vZvQevvvvvpv}v9RGyvB@v=vPdG@v%v(Oyv(\vhIvOOGJ
GyvvvAvvvzvvv(KGyvvvgvvv9C,GyvvvAvvv,@vvvAvvvtvvvOe<vvv=vvvbA.h$vvv"vvv9cIvvv9y+9

k
<vvvgvvv̂GC=vvv9OQGJGyvvv(GfvvvOI@vvvTvvv+vvvQpvvv,

GyvvavvQ*vvuh<vvMvv9Yvv?|vv9*vvAvvgvvzvvu|vv"vv%vv9<vvAvvGvv9QIGyvvwvvQ<vv(fIvv+vvE@vvTvv}vvK$vvPgGyvvAvvGvv9QI}hyvv8vvx
GyvP*v#*vTv=v=v(fG!v=vgv9KGyvjv9RGJ,fvtvOGyvgvtv(OGyvAv}v(*vz+?hVvQGAIvZv[G!v=vgv9KGyvjv9RGJ
GBvv9Yvv?pvv,GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?hPyvvx<vvAvvQSvv+vv>(Sinks)GyvvwvvQ<vv(f.pvv,$vvPGGCGvv9d
*vvvgvvvavvv,<vvv+OQhSvvv9!vvvWvvv+vvvR|vvv#|vvvgvvv%vvvO(International Center for Research in Agroforestry

ICRAF))|vvDvv9:
k

h*vvtvv(d:Ef
q

Lvvavv(WGyvvavv+vvQGfG}hQh<vv+?GyvvAvv,@vvavv+vvQ_vv9FvvQG7vv9E]!vv+QhN
pvv,vvv+"+vv9fvvOI|vvQGJpvv,G}Svv=vv(Y;vv9hdEKvv9O_vvQbyvvAvvgvv(*vv̂(Compensate)GCRGQfvv_
Gyvvwvv+"+vv_fvv#GyvvwvvQ<vv(fGyvvPj*vvwvv(q!vv(!vv&hpvvtvv9

k
yvvgvv}vvz+?GyvvqvvZvv{pvv,C!vvdvv}vv?RQGfvv?Gyvvjvv9<vv9JCh

GyvAvJvQ*vHGyvjv9<v(jhPyvx6vOaEIvOGKGyvAv(GRfGyvtv+v}v,(Counter Balance)<v+#GBvTv9FvQ
GyvAv,;vOCv%v9Gyvjv9RGJGC"v=vgvDv?|v#Gyvav9FvQGJhGCzv(Cv?yvzvGv(Gyvwv+",,hCRQhfv9JGCRGQfv_
hs+}?GywQ<(fGCqt(O.

CLvvv+vvvQG
k
*vvv}vvvwvvv#Gyvvvtvvv(dE!vvv&:*vvv}vvvwvvv#CIvvvOG

k
Cf*vvv=vvvtvvv)Lvvv9QLGyvvvAvvvzCvvvQ<vvvAvvvjvvv+vvvQGJGC"vvv9N

h<vvv9yvvvAvvv9[:<vvvO|vvv#GAvvvO|vvv#GyvvvAvvvzvvv(Kh@vvvWvvvGvvv+vvvhfvvv}vvvz+9JGyvvvAvvv=vvv"vvv,pvvv,GyvvvRQGfvvv?,h<vvv9yvvvAvvv9[
pvvv%vvv"vvv9cIvvv9Fvvv?|vvv9Svvv?yvvvAvvvgvvv9hfvvvv{G@vvv%vvv(O.pvvv9Avvvwvvv(|vvv9Jh|vvv"vvvdvvv}vvv9JGyvvvAvvv"vvv}vvv+vvv?GyvvvOhy+?
hG svz+}v+v?hGyv(_v"v+v?Kv>Cf@vTv9fvOGCRGQfv_h<vMv9Yv?GyvqvtvQGA|v"v%v~ChGC(Fv(Ohfpv,
GC"vv9_vvuGyvvqvvtvv+vvQI<vv9C(GQO,Chpvv,GC"vv9_vvuGCAvvRG*vvOIGAvvQGQIChGC"vv9_vvuPGJGyvvgvvQVGC9Fvv,
GCAvvv"vvv9svvv[,ChGC"vvv9_vvvuGyvvvAvvv,@vvvAvvvgvvvQVyvvvdvvv(G$vvvQ|vvv"vvv9Lvvv+vvv?svvv9Svvv+vvv?,E\vvv9pvvv?E]GC"vvv9_vvvuCh
G}QG\vv,PGJGyvvQ_vv(<vv?(Moisture)GC"vvMvvqvv]vv?h@vvAvvqvv9svv~pvv+vv%vv9(Exacerbate)fvv}vvz+?G}|vv#
GyvvjvvPGFvv,,Ivv+vvE@vvZvv"vvr$vvPgGC"vv9_vvuIvv9y+9

k
<vv9C"vv9_vvuG}Svv(Cfvv9C+vv9

k
.h|vv#G@vvO*vvQ<vv9yvvPvvvQ

Cf
q

GyvAv(svgv9JGAv9y+?yvAvjv+vQGJGC"v9N:EvAvOE]|v9<vgvOGyvtvQfGyv(GIvOhGyvgvWvQ*v#,hyvwv#
EPGD@vAvMvPG FvQGAGJG:IvAvQGR*v?hLvav(GJGyvAv=v"v,|v#G6f,pv;<vOCf@vAvRG*vO|vWv9vv{
@vvvjvvv+vvvQGJGC"vvv9NhGCWvvv9vvvv{GyvvvRQGfvvv+vvv?GCtvvvAvvvQ!vvv?<vvv9}h],h:<vvvOCf@vvvROGO|vvvWvvvwvvvzvvv?G}|vvv#
GyjPGF,<9y"T=?E]G}F+9dGyt9O|?@gt+OG

k
hLa(QI.

QG<g9
k

:GyAj+QGJGC"9L+?hBC9Q$9p,Gy=+8?hGyRQGf?hGyjPGA

ivv9yvv=vv9
k

|vv9@vvtvv(OGyvvAvvjvv+vvQGJGC"vv9Lvv+vv?Gyvvgvv9C+vv?E]GAvvO|vv#G !vvAvv9LGyvvRQGfvv,,h@vvTvv=vv>
vv(GQKGyvtvJvbhGCGv9fv9J|v#Fv%v?,hLvqv̂ChR*v9OIvv}v+v?G6Cv9QGyv"v9:v?|v#Gyvjv9RGJ
GC"vAvWvQIpv,G@v(,|v#Fv%v?Cv9!v+?.yvtvOOoQSvBBCv9QGyvAvjv+vQGJGC"v9Lv+v?pv,GyvRQGfv?<vWvwv{
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|vvqvvZvv{|vv#svv=vv{GyvvgvvO*vvO|vv#G:LvvAvvZvv9Yvv+vv_h@vv(YvvzvvB|vvgvvdvv~$vvPgGyvvOQGSvv9JIvvAvv)G6f
E]fOec%(QC*?7O*OGJpgz+?hFO*?ygQVGyjPGAGyg9C,.

p,$PgGyqtQI!J9hdEyt9AGy](Af^!taA_CS9S+A_G9:

vvvvvGCgz(|9JGCA(GpQII(dGyAj+QGJGC"9L+?hCS=9HIOhO*A%9,

vvvvvhGyg;s?<+#GyAj+QGJGC"9L+?hc9$QIGyjPGAhG@(Yp,Gyg9D.

1vvvvvGCwAWq9JGA9y+?
yvvvvtvvvvOFvvvvQJGCJvvvv9h:JG}h]yvvvvAvvvvtvvvv+vvvv+vvvv~G}CvvvvQG:svvvvAvvvvZvvvv9OjyvvvvAvvvvjvvvv+vvvvQGJGC"vvvv9Npvvvv,

GyvvvvvvvvRQGfvvvvvvvv?|vvvvvvvv#svvvvvvvv=vvvvvvvv{vvvvvvvvv{|vvvvvvvv#BQCvvvvvvvvQ(Arthur)hCNRGOg(Abizadeh)h<vvvvvvvv9Qqj(Parry)

hvvvvvv9Q@vvvvvQ(Carter)hvvvvvv(!vvvvv+jvvvvv#(Konigen)fvvvvv9e1988;hBQCvvvvvQh|vvvvv(hP(Mooney)fvvvvv9e
1990;hSvv(!vv+wvv9(Sonika)fvv9e1991;hvvv9*vvRQ(Kaiser)fvv9e1994(22).hCv

v
vvOvvv{

|vv#vvv9*vv#(Kane)h@vv(<vv+&(Tobey)hQG*vv\(Reilly)fvv9e1992CGvv+vv?GyvvAvvGvv9QIpvv,@vvtvvQ*vvQ
G}CvQGyvZv9pv,G:svAvZv9Ojpv,<vzvO|v9.h*vAv}vDv{Gyvgv}v{G}Sv9Sv,GAvO*vEpv,$vPGGCGv9d
<vvv}vvv9svvv9e<vvv&vvvv{|vvv#QhR!vvvqvvv9*vvvkh<vvv9Qqjfvvv9e1994(23)h!vvvQ|vvvRyvvv&<vvv9AvvvQpvvv_G}hy+#|vvv#
GSvv}vv+vv%vv}vv9Cj(RP).vvvPyvvxGfvvAvv=vvQJGyvvjvvzvv?G}Svv9Svv+vv?GC%vv+vvGvv?GyvvAvv,_vv(vQ$vv9(RP)CSvv9S
Gyvvvgvvv}vvv{GBvvv9U<vvvvvvQG*vvv\h$vvv(Gvvv9f(Hohmann)fvvv9e1993;hGyvvvgvvv}vvv{GBvvv9U<vvvvvvQG*vvv\
h$vv(Gvv9fhvvv9*vv#fvv9e1994(24);hGyvvPj!vvQ|vvRyvv&C*vv]vv9

k
<vv9}IvvQaGyvvDvv;Cvv?G}h]|vv#

CSvv}vv9Fvv%vv~Cj(RHK)
(25)h*vvtvvOeG@vvOh:fQsvv}vv,(2vvvvv2)h(2vvvvv3)|vvzvvMvvZvv9

k
yvv"vvAvv9FvvH

;vz+{$v|:AGyv=v9IvDv_GyvDv;Cv?Iv+vEEvDv{Cv;Cv?|v(O*v;Jfv9|v?JvAvzvqv?yvzvAvOGhd(General

Circulation Models - (GCM)).hyvtvO<v+k"vBGyvAv(svgv9JGC"v9Lv+v?C(O*v{GyvAvOGhdGyvgv9efv̂
Svvv+"9Q*vvv($vvv9J@vvv]vvv9fvvvrpvvv+vvv%vvv9CCvvvQGyvvvjvvv9RGJ<vvv9@vvv(,h*vvvAvvv~SvvvQ*vvv9f|vvv(O*vvv;JGC"vvv9NIvvvAvvv)
*vvZvv{Gyvv"vvdvv9eGC"vv9Lvv,E]!vvtvvavv?GyvvAvvgvv9Od.h*vvzvvMvv[@vv"vv=vv|GyvvAvvjvv+vv+vvQ<vv9yvvAvvjvv+vvQGJpvv,GCAvv(Svvb
Gyg9C,AQGQIGyTaKGywQhjh<9y%a{GCaQjGyg9C,v}9*\:

(22)H. M. Kaiser, An Annotative Bibliography of Research on the Economic Effects of Climate

Change on Agriculture, Staff Papers; no. 94-10 (St. Paul, Minn: University of Minnesota, 1994).

(23)Rosenzweig and Parry, «Potential Impacts of Climate Change on World Food Supply».

(24)John Reilly, Neil Hohmann and Sally Kane, «Climate Change and Agricultural Trade:

Who Benefits, Who Loses?,» Global Environmental Change, vol. 4, no. 1 (March 1994).

(25)J. Reilly, «Climate Change and Agriculture: Research Findings and Policy Consideration,»

paper presented at: Population and Food in the Early Twenty-first Century: Meeting Future Food Demands

of an Increasing Population (conference), edited by Nurul Islam (Washington, DC: International Food

Policy Research Institute (IFPRI), 1995).
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vvvvvSvvvv+"9Q*vvvv(|vvvvgvvvv%vvvvOivvvv9OOyvvvvzvvvvOQGSvvvv9JGyvvvvqvvvv]vvvv9Fvvvv+vvvv?(Gadded Institute Space Studies

Scenario (GISS))Ph4,2C+h+11p,GC8?$a(:J.

vvvvvSvv+"9Q*vv(Jvv=vvQG@vv+vv(pvv+vvR*vv9Fvv,GyvvO*vv"vv9|vv+vvwvv,GyvvTvv9Fvv{(Geophysical Fluid Dynamics

Laboratory Scenario (GFDL))Ph4,0C+h+8p,GC8?$a(:J.

vvvvvSvvv+"9Q*vvv(|vvvwvvvAvvv>GCtvvv9*vvv+vvvUG !vvvwvvvz+Rj(United KingdomMeteorological Office

Scenario (UKMO))
(26).

yvtvO<v"v+vB@vjv+vQGJGC"v9NG svz+}v+v?GCTvAvMvO|v?pv,OQGSv9JGyvjvzv?Gyvgv9FvOIyvvvvv:(R P)

fvvv̂GyvvvAvvv(svvvgvvv9JG svvvz+}vvv+vvv?GBvvv9Yvvv?<vvv}vvv(O*vvv;JGyvvvAvvvOGhdGyvvvgvvv9e(GCMs),h$vvv,|vvvAvvv=vvv9*vvv"vvv?
<vvv(\vvv(Mfvvv#GCAvvv(SvvvbGyvvvgvvv9C,,hG:vvv%vvvBGyvvvR*vvv9OGJGAvvvQGQ*vvv?pvvv,@vvv(svvvgvvv9J|vvv(O*vvv;J
GyvvvAvvvOGhdGyvvvgvvv9e}f@vvvwvvv(fvvvv=vvv+vvvQIpvvv,G}svvv9y+~Gyvvvtvvvavvv=vvv+vvv?h|vvv"vvvMvvvqvvv]vvv?!vvvTvvv=vvv+vvv9

k
pvvv,G}svvv9y+~

G:SvAv(GFv+v?.hsvOCh\vJvB<vgv̂GC"v9_vuG!vMvqv9VGyv%vav(:Jhpvu@v(svgv9JGC(O*v;J
GCPvv(QI,hQiv~PyvxRGOJGyv%vav(:JGyvgv9C+v?.vvPyvxLv(jG@vOh:fQsv}v9(2vvvvv2)
h(2vvvvv3)!}(PF_|A=9*"_yw{|#GyT+"9Q*($9JGC"9L+?GyD;C?G9:

|hh|#Ohf@tO*QG}CQGC=9VQyD9PChvT+OGywQ<(f(C O2).

|hh|#OhfGyAw+qr.

pvv,Ivv9yvv?GyvvAvvQvvv+vvRGyvvWvv9|vv{yvvDvv9PChvvvTvv+vvOGyvvwvvQ<vv(f,pvvtvvOSvvGkvv{BCvv9QG
k
EKvv9<vv+?fvv̂!vv}vv(

GCJZ(dhGyjz?hvq9AIf9y+?:SAMOGeGC+9gh|hPyx<t+B$"9cCS8z?|%}?|"%9:

vvvvvvv+vr*vAv~GyvwvWvrfv̂GyvAvQvv+vRGJGCQ@vqvgv?pv,Gyv=v+v8v?GCqvAv(Iv?GyvAv,SvAv"vgvwvUpv,
IG~Gyjz?h!(f+A%9?

vvvvvv+r@Ag9|{G6C9Q|hGy]j(WGy=+8+?G}LQi?

v+r*A=z(QCCQ(CO2)p,|"at?Gy(Qs?h$+w{Gy"=A?!A+G?GSAMOGeGC+9g(27).

hyvv]vv}vv9fGC;A|vv?,OQSvvB@vvtvvO*vvQGJGyvvjvv;dG}hy+?yvvvvv(RP)@vvjvv+vvQIvv9:JGC"vv9N
pvvvtvvvb,Cvvv~pvvvJvvvZvvvB$vvvPgGyvvvjvvv;dG}hy+?|vvvh@vvvOGLvvv;JJvvvAvvvzvvvqvvv?yvvvzvvvAvvvjvvv+vvvQGJpvvv,CYvvv"vvv9a
GCJv9Yv+v{,hGyvAvjv+vQGJpv,|v(Gfv+vORQGfvAv%v9hGyvAvjv+vQGJpv,|vTvAv(*v9JGyvAvTv}v+vOhGyvQj,
hPyvvvx6vvvOaEKvvv9OGSvvvAvvvQG@vvv+Gvvv+vvv9JyvvvAvvvJvvvTvvv_@vvvtvvvO*vvvQGJpvvvtvvvOGyvvvjvvv;d.hfvvv̂CSvvv9S$vvvPg

(26)GCZOQ!qT&.
(27)J. D. Cure [et al.], «Crop Responses to Carbon Dioxide Doubling,» Agricultural and Forest

Meteorology, vol. 38 (1986).
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GyvvAvvGvv9QHLvv[(RP)|vvwvvAvvWvvqvv97vv}vv9<vvAvvtvvO*vvQ|vvTvvAvv(*vv_|vv#GyvvAvv(Gpvvtvv9J,*vvWvv}vv{G}hd|vv"vv%vv}vv9
@vvvvjvvvv+vvvvQGJpvvvv,Yvvvv"vvvvrGCJvvvvZvvvv(dhyvvvvwvvvv#y+UGCJvvvvZvvvv(d!vvvvqvvvvTvvvv&,h@vvvvjvvvv+vvvvQGJpvvvv,vvvvv}vvvv+vvvv?GC+vvvv9g
GCMZZ?yz}T9I9JGCQh*?,hvPyx@j+QGJp,|(fOGyRQGf?}s{|#V%Q.

C|v9GCTvAv(iGyvDv9PyvzvAv(Gpvtv9J,pvAv}vDv{<v9yvAvjv+vQGJG \v9pv+v?pv,!v(Y!v}v(GCJvZv(d,
hGyvvvAvvvjvvv+vvvQGJpvvv,GSvvvAvvvgvvv}vvv9dGyvvvTvvv}vvv9O,hGyvvvAvvvjvvv+vvvQGJpvvv,|vvv(fvvvOGyvvvRQGfvvv?}vvvvDvvvQ|vvv#Vvvv%vvvQ,
hGyvAv(Svgv9Jpv,QjGCTv9Iv9Jiv+vQGCQh*v?Sv9<vtv9

k
(Gyv=vgvz+?).yvtvOsv9OJ@vqvTv+vQGJ@vjv+vQGJ

Gyvvvjvvvzvvv?Gyvvv=vvv9IvvvDvvv_(RHK)E]@vvv=vvv"vvv,@vvv(Gpvvvtvvv9JGCTvvvAvvv(iG}hd<vvvTvvv=vvv>fvvvOe|vvv;A|vvv?R*vvv9OI
GyvvAvvwvv9y+rGCTvv9fvvOIyvvAvv(Gpvvtvv9JGCTvvAvv(iGyvvDvv9P|vvh;vv(dGyvvgvvQVCpvvtvv+vv9

k
.hsvvO<vv+k"vvB!vvAvv9FvvH

Svv+"9Q*vv(|vvhGyvvAvvwvv+vvrChGyvvAvv(Gpvvupvv,G@vvOhy+#GyvvTvv9<vvtvv_@vvqvv(svv%vv}vv9fvv̂@vv(Gpvvtvv9JGCTvvAvv(i
G}hdyvv(RP).

G@OhdQs~(2vvvvv2)
BC9QGyQp9$+?CG}(f9JGyOhdp,\(AGyAzC+QGJGyRQGf+?

p,@j+QGC"9Nhpt9
k

C(O*;JGyAOGhdGyg9|?(1989)

G sz+vvvvvvvvvvv~S+"9Q*($vvvvvvvvvvv9JGC"vvvvvvvvvvv9N

|hCO2hGyAw+kr

(|z+(fOh:Q)
|hCO2h|#Ohf@w+kr

(|z+(fOh:Q)
|#OhfCO2h|#Ohf@w+kr

(|z+9QOh:Q)

GISSGIFDUKMOGISSGIFDUKMOGISSGIFDUKMO

GyvvvvOhdGy"9|+vvvvvvvv?:

Csvvvvvvvvvvvvvvv{|vvvvvvvvvvvvvvv#500

Oh:Q/yzqQO

vvvvv210vvvvv2573vvvvv14588vvvvv2070vvvvv5322vvvvv19827vvvvv56,7vvvvv66,1vvvvv121

|vvvvvvvvvvvvvv#500vvvvv2000

Oh:Q/yzqQO

vvvvv429vvvvv2927vvvvv10669vvvvv1797vvvvv5135vvvvv15010vvvvv26,2vvvvv27,9vvvvv48

CvvvvvvvDvvvvvvQ|vvvvvv#2000

Oh:Q/yzqQO

vvvvv603vvvvv534vvvvv1021vvvvv818vvvvv878vvvvv328vvvvv6,7vvvvv4,4vvvvv3,8

ChQh<vvvvv9GyvvvvvWvvvvvQsvvvvv+vvvvv?

hOhdG:;vvvvvvvvvvvvvvvvvvvvvv9O

GyT(p+9OGyT9<u

2423vvvvv125vvvvv48751885vvvvv2048vvvvv10959vvvvv12,5vvvvv27,9vvvvv57

OhdOECD582225vvvvv64702674vvvvv3644vvvvv15101vvvvv13,4vvvvv21,5vvvvv17

GCG}(Y7003vvvvv6135vvvvv37623vvvvv126vvvvv17028vvvvv61225vvvvv115,5vvvvv149vvvvv248

GCZvvvvvvvvvvvvvvvOQ:John Reilly, Neil Hohmann and Sally Kane, «Climate Change and Agricultural Trade: Who

Benefits, Who Loses?,» Global Environmental Change, vol. 4, no. 1 (March 1994).
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G@OhdQs~(2vvvvv3)
@j+QGyTgQhpt9

k
yz"A+G?G}S9S+?yAj+QGC"9N

<"9Af^|(O*;JGyAOGhdGyg9|?(p,GC8?)
GyTzgvvvvvvvvvvvvvvv?S+"9Q*($vvvvvvvvvvv9JGC"vvvvvvvvvvv9N

|hCO2hGyAw+kr|hCO2h|#Ohf@w+kr|#OhfCO2h|#Ohf@w+kr

GISSGIFDUKMOGISSGIFDUKMOGISSGIFDUKMO

A~Gy=tQvvvvv0,390,982,680,742,194,825,307,1710,30

A~GB"R*Qvvvvv1,762,799,271,386,6216,3319,3125,9837,98

A~Gyj"~vvvvv0,51vvvvv0,02vvvvv0,33vvvvv0,14vvvvv0,140,14vvvvv1,21vvvvv0,170,96

A~GyOF9Lvvvvv1,522,959,221,846,8816,4319,1425,7437,72

Gy=+^vvvvv1,622,337,861,005,5813,9616,4622,5633,50

GyR<OIvvvvv0,05vvvvv0,97vvvvv2,72vvvvv0,56vvvvv1,94vvvvv3,79vvvvv5,77vvvvv6,53vvvvv7,97

G@="?vvvvv0,150,100,360,040,280,750,671,081,70

Iz+><(OQIvvvvv0,170,722,060,401,553,284,255,357,18

s}Kvvvvv21,82,1849,70vvvvv17,320,4188,20130,5207,2351,6

PQIYqQGA1,3019,5944,2124,3543,8091,6698,50137,9219,4

PQIQp+g?vvvvv6,7212,7942,351,0227,1974,1095,55141,8235,6

CQR24,1522,8478,0934,0141,17109,1359,7371,6618,2

p(dY(*9vvvvv20,26vvvvv7,1528,31vvvvv17,1vvvvv3,6663,4273,74102,6248,9

|aJ(fUvvvvv5,513,4919,140,4510,2237,2242,1557,4098,26

R*Bp(dUvvvvv18057vvvvv10,512,92vvvvv19,1vvvvv11,227,7638,1450,48109,9

Gyq(dGyT(OGPvvvvv22,76vvvvv11,923,48vvvvv21,4vvvvv8,9036,19111,9156,7289,13

sWQIGyq(dSvvvvv7,271,0517,44vvvvv2,716,8030,1548,6666,35105,38

R*BGyq(dSvvvvv12,43vvvvv6,979,51vvvvv12,2vvvvv6,1914,3139,7851,7883,49

Gyta#vvvvv22,22vvvvv14,226,61vvvvv21,3vvvvv12,142,47131,75164,7393,41

GyTwQ14,4820,1078,1516,3025,9987,29179,24196,5359,49

GyA=kvvvvv42,02vvvvv32,9vvvvv5,39vvvvv26,4vvvvv13,928,11222,32298,3550,78

GCZOQ:GCZOQ!qT&.

yvvvtvvvOChQOJOQGSvvv?(RP)@vvvzCvvv+vvvQGJvvvv{|vvv#G !vvvAvvv9LhG}Svvvgvvv9Qh@vvvzCvvv+vvvQGJCfvvvOGO
GyvvTvvwvv9fGyvv(Gsvvgvv+vv?\vv}vv#LvvavvQG@vv(Y,pvvQGhIvvB|vvDvv;

k
R*vv9OGJCSvvgvv9QGAvv=vv(H<vv+#24
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pv,GC8v?yvTv+"9Q*v((GISS)h145pv,GyvTv+"9Q*v((UKMO)|v#Ohf@v(Gpvuh|v#Ohf@vzCv+vQ
|vv=vv9VvvQyvvzvvAvvTvv}vv+vvO<vvvvv(CO2).C|vv9|vvhGyvvAvv(Gpvvu,pvvtvvOhFvvOGyvv=vv9IvvDvv(fCfCSvvgvv9QGAvv=vv(HsvvO
GQ@vvvqvvvgvvvB<vvv"vvvTvvv=vvv?QGhIvvvB<vvv+#10pvvv,GC8vvv?yvvvTvvv+"9Q*vvv((GISS)h100pvvv,GC8vvv?yvvvTvvv+"9Q*vvv(

(UKMO).$vvPgGyvv"vvAvv9FvvHsvvQ*vv=vv?FvvOG
k

|vv#!vvAvv9FvvH(RHK)GC(\vvJvv?pvv,G@vvOhdQsvv~(2vvvvv
3)C*vvv]vvv9

k
.hfvvv̂vvvv{Ivvv9d@vvvWvvv+vvvQ!vvvAvvv9FvvvHG}Svvvgvvv9QE]CfGC(O*vvv{GCTvvvAvvvMvvvOepvvv,OQGSvvv?

(RHK)*v}vOGyvgvQV<v9SvAvGv9<v?Csv{<vWvwv{fv9eh<vMv9Yv?pv,GAv9:JGCAvavQpv?vvTv+"9Q*v(
fOehF(OCCQ(CO2)GyAT}+OjhfOehF(OGyAw+kr.

<vv9yvv"vvTvv=vv?E]|vv(O*vv{(UKMO),pvvtvvORGOJCSvvgvv9QGAvv=vv(H<vvzvvvDvvQ|vv#200pvv,GC8vv?
<vvvv9Ctvvvv9Q!vvvv?|vvvvh145pvvvv,GC8vvvv?yvvvv%vvvv9pvvvv,|vvvv(O*vvvv{OQGSvvvv?(RP).hGyvvvv(GsvvvvhCfGCtvvvv9Q!vvvv9J<vvvv+#
GC(O*v;Jvv9!vBIvOhOI!vdvQG

k
E]CfGC(O*v{GCTvAvgv}v{pv,OQGSv?(RHK)vv9fSv9vv"v9

k
Ch

|vvAvv(GR!vv9
k
<vv9VvvAvvQGWvvv(fGyvvjvvzvv?IvvOhOIhvvv}vv9cvv%vvQJfvv9e1990,pvv,Ivv_GSvvAvvMvvO|vvB

OQGSvv?(RP)|vv(O*vv;
k

O*vv"vv9|vv+vvwvv+vv9
k

|vvh@vvjvv+vvQGJGyvvTvvwvv9fhGyvv"vvWvv9WG:svvAvvZvv9OjhGSvvAvvgvv}vv9:J
G}QVhGyvvAvvtvv"vv+vv9JGyvvRQGfvv+vv?.vvv}vv9@vv]vv}vv#$vvPGGC(O*vv{CSvvgvv9QGyvvjvvPGAhG !vvAvv9LhOLvv(d
fvvvOO|vvv#GyvvvTvvvwvvv9fGyvvvtvvvQ*vvv=vvv_|vvv#G@vvv(YGCR|vvv#,hhFvvvOCYvvvJvvv9H$vvvPGGC(O*vvv{CfCfvvvOGO
$vv|:AGyvvTvvwvv9fSvv+vvQ@vvqvvhE]40|vvz+(fpvvQO<vvJvvTvv>Svv+"9Q*vv((GISS)hE]30|vvz+(fpvvQO
<JT>S+"9Q*((UKMO)p,c{I9y?GyAw+krhGyAzC+QGC=9VQyvvv(CO2)GyAT}+Oj.

|vv#Fvv%vv?CLvvQiQv
v
vvRGyvv=vv9IvvDvv(f(RHK)fvv̂;vvz+{G}CvvQpvv,GyvvAvvGvv9QI,svv9Fvvz+#Ef

Cvv=vv9JGyvvAvvZvvO*vvQGyvv"vvTvv=vv,*vv|CvvQpvv,G}CvvQGyvvZvv9pvv,:svvAvvZvv9O*vv9JOhyvv?|vv9,pvv9yvvOhdGyvvRQGfvv+vv?
GCZvOQI*v}vwv#Cf@vwvTv>GsvAvZv9O*v9

k
IvAv)hyv(fv9!vB!vtvZv9fGyvjvzv?EPGGQ@vqvgvBG}Svgv9Q

Gyvvgvv9C+vv?<vv}vv9*vvwvvqvv,yvvAvvjvvavv+vv?|vv9*vvqvvtvvO|vv#G !vvAvv9L.h<vv9yvvgvvwvvUpvv9}CvvQG:svvAvvZvv9OjGyvvZvv9pvv,
yvvzvvOhdGCTvvAvv(QOISvv(a*vvTvv(Ofvv̂GCTvvAvv%vvzvvwvv_GyvvP*vv#Svv+vvAvv]vvQQhf|vv#GQ@vvqvv9YG}Svvgvv9Q.
hsvOGLvAvzvr$vPGG}CvQGyvZv9pv,pv,;vz+{Gyv=v9IvDv_(RHK)fv̂GyvOhdGC"vqvQOIvvDv+vQG

k
fv=vQ

GyvTv+"9Q*v($v9J,vv}v9GLvAvzvrfv#G}CvQGyvgv9C,G =v9[,yvPyvxIvQqU$v|:AGyv=v9IvDv(f
|vv#fvv}vvz+?GyvvAvvgvv}vv+vv~Gyvv(GSvvgvv?yvvOQGSvvAvv%vv~.h|vv#Ohf@vvgvvGvv>,pvvtvvOGfvvAvv}vvOvvv;GyvvAvvJvvz+z+#
G:svvvAvvvZvvv9O*vvv_fvvv̂BCvvv9QGyvvvjvvvzvvv?yvvvOQGSvvv?(RP)hGyvvvOQGSvvv9JGyvvvAvvv,QSvvv}vvvB8vvv9*vvv9J|vvvWvvv96vvv?
y"t9WfO*OIhGSg?@A}D{p,GyA9[:

2vvvvvG6C9QGywz+?
yvvtvvOvvv9!vvBG6Cvv9QGyvvwvvz+?svvz+zvv?!vvTvv=vv+vv9

k
fvv̂G !vvAvv9LGyvvRQGfvv,Gyvvgvv9C,hfvv̂G}Svvgvv9Q

hfvv̂|vvTvvAvv(iGCgvv+vvWvv?G:svvAvvZvv9Oj,EPD@vvRO$vvPgG6Cvv9Qfvv#0,3pvv,GC8vv?|vv#G !vvAvv9L
Gyvvgvv9C,ChGCJvv\,fvv"vvOE\vv9pvv?h@vv=vv"qvv,CCvvQ(CO2)GyvvAvvTvv}vv+vvOj,pvvzvvtvvORGOG !vvAvv9LGyvvRQGfvv,
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Gyvvgvv9C,(|vvh;vvtvv+vvupvv9FvvOIYvv9pvv+vv?|vvtvv9Svv?<vv9yvvAvvjvv+vvQG:svvAvvZvv9OjGCgvv+vvWvv,<vv(GSvvavv?(RHK)

h<vAvtvz+[fvOOG}pvQGOGyvtvQ*v=v_|v#G@v(YhGyvqvtvQpv,(RP)pv,Iv9yv?hGIvOIpv,vv{|v#
GyvvOQGSvv9JGCPvvv(QIhPyvvxpvv,Ivv9yvv?(GISS)h<vv9CTvvAvv(i(II)pvv,OQGSvv?(RP),pvv,Ivv_
D@vvQGY

p
OQGSvv?(RHK)|vvTvvAvv(iGyvvAvv=vv"vv,(II)GCgvvO|vv#svv=vv{(RP).|vv#Fvv%vv?CLvvQi<vv+q"vvB

Ivv9yvv?(GISS)|vvhGyvvAvv=vv"vv,yvvzvv}vvTvvAvv(i(I)pvv,OQGSvv?(RHK);vvTvv#GC+vv9gpvv,Gyvvgvv9D,h*vvgvv(O
$vvPGGyvvAvvzCvv+vvQG Kvv9NIvvtvv+vvtvv?E]vvv(fEEvv9e$vvPgGyvvOQGSvv?svvO@vv~qpvv,|vvavvzvvhGyvvAvvTvvgvv+"+vv9J|vv#
GyvvtvvQfGC9\vv,(fvv9e1990).h*vvgvvAvv=vvQIvvZvv(dG}QRG}vvvDvvQ@vvzCvvQG

k
!vvTvv=vv+vv9

k
hLvv}vv{hR!vv9

k
vvv=vv+vvQG

k

\vv}vv"vv9
k
pvv,GCTvvAvvtvv=vv{<vvTvv=vv>GfvvAvv=vv9QgivvPGAkCSvv9Svv+vv9

k
yvvOhdBSvv+vv9GyvvAvv,*vvR*vvOSvvwvv98vv9<vvTvvQfvv?

Cvvv=vvQ|vv#R*vv9OISvvwvv9fOhd(OECD)hOhdChQh<vv9GyvvWvvQsvv+vv?hG:;vv9OGyvvTvv(pvv+vv9OGyvvTvv9<vvtvv?.
$PGh*}w#@qZ+{$PgG6C9QGywz+?f^GyWw{GyA9[:

CvvvvvCCQ(CO2)GyAT}+Oj

yvvtvvOvvv9fG}CvvQGC=vv9VvvQyvvvvv(CO2)GyvvAvvTvv}vv+vvOj|vv%vv}vv9
k

FvvOG
k
pvv,GAvvO|vv#G}CvvQGyvvTvvzvv=vv,

vvvv}vvv9$vvv(hG\vvvKpvvv,G@vvvOhy+#Qsvvv}vvv,(2vvvvv2)h(2vvvvv3)pvvvtvvvOCCvvv=vvvAvvvBIvvv9:J|vvv#Ohf
$vvvPGG}CvvvQ,pvvvtvvvOGfhIvvvOGJ!vvvtvvvO*vvv?CvvvvDvvvQ.h*vvv=vvv_G:LvvvAvvv;a<vvv+#GAvvv9:JGCtvvv9Q!vvv?pvvv,
G@vOhdQsv~(2vvvvv2)<vzfsv+v}v?(CO2)GyvAvTv}v+vOj@vtvh<v+#90vvvvv115<vz+(fOh:Qfv9e

1990,vvvv}vvv9<vvv+"vvvB$vvvPgGCtvvv9Q!vvv?CGvvv+vvv?GyvvvAvvv=vvv"vvv,GC=vvv9VvvvQhEfD*vvvwvvv#<vvvzGvvv+vvv?CCvvvQ(CO2)

GyvAvTv}v+vOj!vqvTv&.hyvOi|vtv9Q!v?Iv9:J|vhh|v#OhfGyvAv=v"v,,pv,G@vOhd!vqvTv&,*vAv=v_
yvv"vv9<vvzf|vvtvv9*vv+vvUGyvvAvv=vv"vv,<vvqvv̂GyvvqvvtvvO|vv9<vv+#7vvvvv24<vvz+(fOh:Qh*vvAvv(svvrPyvvxfvv̂
S+"9Q*(GC"9NGCTAMOep,GyOQGS?(28).

HvvvvvCCvvQ@vvjvv+vvQGC"vv9Npvv,GyvvOhdGC"vvMvvqvv]vv?GyvvOLvv{|vvtvv9<vv{GyvvOhdGCQ@vvqvvgvv?
GyOL{hOhdG:;9OGyT(p+9OGyT9<t?

<vvWvvwvv{fvv9e@vvAvvzCvvQGyvvOhdGC"vvMvvqvv]vv?GyvvOLvv(d<vvWvvOICvvvDvvQ|vv#@vvzCvvQGyvvOhdGCQ@vvqvvgvv?
GyvvOLvv(dhOhdG:;vv9OGyvvTvv(pvv+vv9OGyvvTvv9<vvtvv?.h@vv(\vvJvvB$vvPgGyvv"vvAvv9FvvHfvv=vvQGyvvTvv+"9Q*vv($vv9J
GCgvvQh\vv?pvv,G@vvOhdQsvv~(2vvvvv3)h<vvMvv9Yvv?pvv,Ivv9yvv?(GISS)|vvh(CO2)GyvvAvvTvv}vv+vvOj
hGyvvAvv=vv"vv,,Ivv+vvE$vv"vv9cpvv9FvvOIfvv9C+vv?Yvv9pvv+vv?,E:Cf$vv"vv9cLvvTvv9QIGsvvAvvZvv9O*vv?Yvv9pvv+vv?pvv,
GCGv}v(fv9JGyvDv;KyvzvOhdGyv"v9|v+v?GC"vMvqv]v?GyvOLv(d,pvqv,|v(O*v{OQGSv?(RP),Iv+vE
GCtvvv9Q!vvv?<vvv+#GyvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvvOhdGCAvvvavvv(QI,@vvv=vvv_R*vvv9OIE!vvvAvvv9LGAvvv=vvv(Hpvvv,GyvvvOhd
GCAvav(QIh!vtvZv98v9pv,GyvOhdGyv"v9|v+v?<vWvwv{Cvv=vQ|v#IvZv[vv{|v"v%v9.|v#Fv%v?CLvQi

(28)Reilly, «Climate Change and Agriculture: Research Findings and Policy Consideration».
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:IvvveGyvvv=vvv9IvvvDvvv(f(RHK)pvvv,OQGSvvvAvvv%vvv~CfGyvvvOhdGyvvv"vvv9|vvv+vvv?|vvvAvvv(Svvvavvv?GyvvvOLvvv(d(CvvvvDvvvQ|vvv#
2000Oh:Q/GyvvTvv"vv?)Csvv{@vvzCvvQG

k
pvv,<vvgvv̂G}Ivv+vv9fpvv,cvv{GyvvTvv+"9Q*vv($vv9JGyvvAvv,6vv9VvvOI

hsvvTvv(Ifvv̂GCTvvAvv(iGyvvgvv9C,<vvTvv=vv>vvv(fOhd$vvPgGCGvv}vv(fvv?@vvRQYfvvOIIvv9Yvv+vv{RQGfvv+vv?
@vZvO*vQ*v?!vdvQG

k
E]GSvAvqv9O7v9|v#CSvgv9QYv9OQG7v9GCQ@vqvgv?.<vWvwv{fv9eh\kvKvv{|v#QG*v\

h$(G9ff9e1993(29)
C;C?CS=9HyzAzCQGyWO*OhGyt9S,yzOhdGy"9|+?$,:

(1)!vvdvvQG
k

E]fvvOeGyvvAvvzvvvOGyvvwvv=vv+vvQyvvzvv%vvavv{GCavvQj,@vvAvvGvv&Gyvvgvv;svv?ivv+vvQGBvvavv+vv?<vv+#
GAvvvQGQIhGyvvvAvvv=vvvMvvvQyvvvAvvvwvvv(qfh\vvvgvvv9

k
CvvvvDvvvQFvvvqvvv9pvvv9

k
pvvv,G}svvv9y+~G:SvvvAvvv(GFvvv+vvv?<vvv9yvvvQivvv~|vvv#svvvzvvv?

GyAj+QGJGAQGQ*?p,$PgG}s9y+~.

(2)EfsvvOQIGyvvAvvwvv+vvrpvv,GyvvOhdGyvv"vv9|vv+vv?|vvhGyvvgvv(G|vv{GC"vv9Lvv+vv?h<vvMvv9Yvv?GAvvQGQI
hG}|vav9Q$v,Csv{svQ<v9

k
|v#GyvAvtv"v+v9JGCMvAvzvqv?hGyvAvav=v+vtv9JGyvRQGfv+v?,hC\vgvr<v"vdv~!vtv{

GCgz(|9JhGyAt"+9JE]GCRGQf_.

(3)EfGyvvavv9svv?Gyvvwvv9|vv"vv?yvvzvvAvv=vv"vv,pvv,GC"vv9_vvuG:SvvAvv(GFvv+vv?yvvzvvRQGfvv?GCgvvAvvOyvv?Csvv{Fvv9$vv,
fvvz+&pvv,GC"vv9_vvuGyvvgvv9C+vv?G}LvvQi,h<vv9yvvAvv9[*vv}vvwvv#;vv(*vv{|vv(Gfvv+vvOGyvvRQGfvv?E]GyvvqvvAvvQGJ
Gyvvvv=vvvv9QOI|vvvv#GyvvvvTvvvv"vvvv?,E:

k
CfGC(GSvvvv~GCJvvvvZvvvv(y+?pvvvv,$vvvvPgG}svvvv9y+~G:SvvvvAvvvv(GFvvvv+vvvv?IvvvvOOI

<9}|a9QCvDQF9$,IOOI<9AQGQI.

LvvvvvG6C9QG pQGO*?yzOhd

@vvvdvvv%vvvQG6Cvvv9QG pvvvQGO*vvv?|vvvAvvv=vvv9*vvv"vvv?FvvvOG
k
<vvv+#GyvvvOhd,pvvvtvvvO:IvvveGyvvv=vvv9IvvvDvvv(f(RHK)

hFvv(OBCvv9QGsvvAvvZvv9O*vv?Yvv9pvv+vv?|vv(Fvv=vv?yvvgvvOOIvvOhO|vv#GyvvOhdvvv}vv9$vv(GAvv9dpvv,Svv+"9Q*vv(
(GISS),GC"vv9Lvv,hBCvv9QGsvvAvvZvv9O*vv?Yvv9pvv+vv?Svvzvv=vv+vv?yvvOhdCLvvQivvv}vv9$vv(GAvv9dpvv,Svv+"9Q*vv(

(UKMO).hfvv"vvOEOLvv9dGyvvAvvwvv+vvrh(CO2)GyvvAvvTvv}vv+vvOj,*vv"vvgvvwvvUG}CvvQG:svvAvvZvv9Ojfvv̂
|vvvgvvv+vvvWvvv?GyvvvqvvvQOSvvvzvvv=vvv9

k
pvvv,ivvv9yvvv=vvv+vvv?GyvvvOhdhPyvvvx<vvv}vvvtvvvOGQ?vvvTvvv?Oh:QGJCsvvv{Svvv"vvv(*vvv9

k
.

hGQ@vvvvqvvvvgvvvvBsvvvv+vvvv~$vvvvPgG6Cvvvv9QGyvvvvTvvvvzvvvv=vvvv+vvvv?pvvvv,Svvvv+"9Q*vvvv($vvvv9J|vvvv#OhfGyvvvvAvvvvwvvvv+vvvvrCh(CO2)

GyvvvAvvvTvvv}vvv+vvvOjyvvvgvvvOI|vvv8vvv9J|vvv#GyvvvOh:QGJSvvv"vvv(*vvv9
k
.hivvv9yvvv=vvv9

k
|vvv9*vvvwvvv(fG}CvvvQGyvvvZvvv9pvvv,FvvvDvvv;

k

yvzvAvwv9|v{ChGyvAvOGLv{<v+#|v9*vqvtvOgGCTvAv%vzvxh|v9*vQ<vJv&(*vqvtvOg)GC"vAvH|v#@v"v9sv[Gyvjvzv?
*vtv(OE]Lvqv̂OLvzv&,E:Cf$vPGGyv"vtv[ChGyvqvtvOiv9yv=v9

k
|v9*vwv(fSv=v=v&fv(G|v{CLvQi

L;aGQ@q9YG}Sg9Q(30).

(29)John Reilly and Neil Hohmann, «Climate Change and Agriculture: The Role of

International Trade,» American Economic Review, vol. 83, no. 2 (May 1993).

(30)Reilly, Ibid.
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h@vvgvv(O$vvPgG6Cvv9QGCAvvgvvOOIpvv,FvvRA|vv"vv%vv9E]Gyvvwvv+vvqvv+vv?GyvvAvv,@vv|CvvQ6vv9GyvvAvvjvv+vvQGJpvv,
G}Svvgvv9QGyvvgvv9C+vv?,fvv=vvQGyvv(pvv9bGyvvgvv9C,,hpvv,FvvRABLvvQ|vv"vv%vv9E]G:LvvAvv;pvv9Jpvv,GC"vv9N
Gyvv"vv9:vv?|vv#(GCMs).$vv"vv9c<vvgvv̂GC"vv9_vvupvv,Gyvvgvv9D@vvAvv(GpvvuGC(O*vv;JGC"vv9Lvv+vv?GyvvDvv;Cvv?
pv+v%v9fv̂@vjv+vQG:v9gGyv%vav{,E:Cf@vjv+vQGAvQGQILv;dGyvqvZv(dhG\vJv?G:LvAv;a<v+#
GC(O*vv;JGCPvvv(QI,EP*vvAvv"vv=vvz<vvgvv]vv%vv9<vv9Q@vvqvv9YGAvvQGQIpvv,GyvvWvvAvv9A,<vv+"vv}vv9*vvAvv(svvh<vvgvv]vv%vv9
G6LvvQGQ@vvqvv9YGAvvQGQIYvv+vvqvv9

k
,h@vv|CvvQ$vvPgG:LvvAvv;pvv9J<vvWvvOIfvv̂pvvQUG@vvqvv9aGyvvAvv,

@tz[Gyj;d<Ww{v=+Q.

3vvvvvf;s?GyOQGS9JGC"9L+?<9yg(G|{G}LQi
$vv"vv9cIvvOhOhfvvOe*vvtvv_pvv,GyvvOQGSvv9JG:svvAvvZvv9O*vv?G}Svv9Svv+vv?Ivv(dG6Cvv9QGyvvgvv9C+vv?

yAj+QGJGC"9N,h|#\}#$PgGyg(G|{GyA,@t(OE]fOeGy+t_$PG|9*\(31):

vvvvvGy(sBGCA(shyAj+QGC"9N.

vvvvvCCQGyjz?G =9[yz}(GshGyAqZ+z+?.

vvvvvGyvvTvvzvv(cG:SvvAvvGvv9Nyvvzvv}vvRGQfvv_hGyvv(vvv;AG6LvvQhf(Gyvv=vv9IvvDvv(fGyvvRQGfvv+vv(f|vvDvv;
k
)

A9:J@j+QGC"9N.

vvvvvGyvvvAvvvjvvv+vvvQGJpvvv,GC(GQOG}LvvvQiChGC"vvv9pvvvTvvv?C(GQOG}QVhGC+vvv9g|vvv#Gyvvvtvvvavvv9fvvv9J
G}LQiGCAzCQI<Aj+QGC"9N.

vvvvvGyAj+QGJGy=+8+?G}LQi.

$PGhS"ga,p,|9*\pwQI<T+a?f#v{|#Gy"t9WGyT9<t?:

CvvvvvGyR|#

yvtvOGyvAvRe(RP)<v9yvAvgv9|v{YvQGIv?|vhfv9|v{GyvR|v#vv(8v}v9C!vWv5Sv+"9Q*v(O*v"v9|v+vwv+v9
k

,
pvvvtvvvOGpvvvAvvvQ\vvv9CfGyvvvDvvv"vvv9Fvvv,Gyvvvjvvv9RvvvvvG}CvvvQ(CjSvvv+"9Q*vvv(GC"vvv9NGCAvvv(GRf)hG6Cvvv9QGyvvvRQGfvvv+vvv?
GCTvvvv9fvvvvOI,Svvvv(a@vvvv(FvvvvOfvvvv9e2060,h@vvvvgvvvv"vvvv,OQFvvvv9JGAvvvvQGQI4,0vvvvv5,2eR*vvvv9OI
GAvvvQGQIpvvv,$vvvPGGyvvvTvvv+"9Q*vvv(hGyvvvAvvv,*vvv}vvvwvvv"vvv%vvv9Cf@vvvAvvv=vvv9*vvv#|vvvhIvvvTvvv9Svvv+vvv9JGC"vvv9N<vvvJvvv+vvvE
@vvvAvvv]vvv9fvvvrE]1,5eh4,5e,|vvvh|vvvQGfvvv9IGyvvvAvvv(svvvgvvv9JGAvvvwvvv(|vvv+vvv?GCJvvvz+?yvvvAvvvjvvv+vvvQGC"vvv9N

(Intergovernmental Panel on Climate Change (IPCC)).hyvvvOi@vvvwvvvQGQfvvvOI|vvv(O*vvv;J
|vvvvgvvvvO

k
I|vvvv#svvvv=vvvv{(IPCC)<vvvv+q"vvvvB@vvvvjvvvv+vvvvQGAvvvvQGQIGAvvvvtvvvv+vvvvtvvvv,<vvvv+#1,3eh2,3eyvvvvOi@vvvvQvvvvv+vvvvR

(31)GCZOQ!qT&.
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|vvv]vvv9fvvvr|vvv#Gyvvvjvvv9RvvvvvG}CvvvQ.hyvvvtvvvOvvvv9!vvvBG6Cvvv9QGCAvvv(svvvgvvv?}svvvQHcvvvQa0,53efvvv9e
2020h1,16efv9e2050(32).h$vwvPG@vtvAvQMhFv%v?Gyv"vdvQGyvgvzv}v+v?GCgvQh\v?$v"v9Cj

pv,OQGSv?(IPCC)<vzfG6Cv9QGCtvOQI|v#(RP)h(RHK)iv+vQ|vQiv(<v?vvz+?yv(sv(fv%v9,:
pvvv,fvvv9e2050h:IvvvAvvv)fvvv9e2100.h*vvv}vvvwvvv#Cf@vvvgvvv"vvv,GIvvvAvvv}vvv9dG6Cvvv9QG Kvvv9<vvv+?pvvv,
Sv+"9Q*v($v9JG}CvQG}vvDvQGfvAvOG:

k
,<vzfGCQGIv{GC=vwvQIyvAvzCv+vQGJGC"v9N*v}vwv#Cf@vwv(f

|vqv+vOIyvzvRQGfv?Gyvgv9C+v?;pv9CQIvzv?GC=vwvQI*v}vwv#G|vAvOGO$v9IvAv)Gyvvvv50vvvvv70Sv"v?Gyvtv9O|v?.
h*vAv(svr$vPGGyvAv}vgv#fv̂G:pvAvQGVGyvtv9Fv{EfGCTv9QGyvTvQ*vhGyvRhGdyvAvjv+vQGC"v9N,Cvv=vQ
ChCYvvjvvQ,$vv(hSvv+vvzvv?\vv=vvb!vv9fvv}vv?.h:*vvgvv"vv,hFvv(OSvv+"9Q*vv($vv9JGyvvRhGdOy+;

k
\vvO

Gyvv]vv=vvb(GyvvAvv"vvdvv+vv~)Gyvv"vv9fvv~Gyvv"vvTvv=vv,yvvdvvQha@vvjvv+vvQGCAvv(SvvbGAvvQGQjGyvvgvv9C,.h*vvAvvavvzvv>
GyvvvAvvvtvvvQ*vvvQGAvvvtvvv+vvvtvvv,yvvv7Cvvv9QGyvvvgvvv9<vvvQIGCgvvvtvvv(yvvv?GyvvvQ<vvvbGyvvvqvvvgvvv\<vvv+#GCJvvv+vvvavvv9Jh|vvv(O*vvv;J
G}Fvv(GA,fvv"vvOfvv}vvz+?GyvvQ<vvb$vvPg|vvhGC(O*vv;JGC(Fvv(OI,pvv{8vv9CjGC(O*vv;J@vvAvvavvzvv>
@vvZvvJvv+vvJvv9J|vvAvvOpvvtvv?C"vvhGC(O*vv;J|vv#G:!vvJvvQGa.h$vvPgGyvvAvvZvvJvv+vvJvv9JGCAvvOpvvtvv?ivv+vvQ
\vvQhQ*vv?Ivv9y+9

k
|vv9OG|vvBGyvv=vv"vv+vv?Gyvv%vv+vvwvvz+?yvv%vvPgGC(O*vv;JD@vv(\vvh<vvgvvO,h|vv#GCqvv]vv{

I9y+9
k

Gy=t9A|hGCT9QGyg9<QGCWQhM|#s={(GCMs).

Hvvvvv@w9|{@zC+QGyjz?

yvvtvvOCOJ_vvQbGyvv=vvJvvEGyvvAvv,ChFvvO$vv9vvv{|vv#(RP)h(RHK)hGyvvOQGSvv9JGC=vvwvvQI
GyvAv,Sv=vtvAv%v~,E]@vwv9|v{h@v(Sv+vh!vAv9FvH|v(O*v{!v}v(GCJv9Yv+v{GCqvZvzv?,GyvAv,COkJE]
hFvvvv(OfvvvvOI!vvvvtvvvv9WFvvvvjvvvvQGpvvvv+vvvv?IvvvvOOIfvvvv̂|vvvvTvvvvAvvvv(iG}svvvv9y+~hGyvvvvOhd.hhpvvvvtvvvv9

k
yvvvv~SvvvvU

GyvAvqvZv+vz+?,pv{fSvGv;JGAvQGQIhGyv%vav(:JGy+(|v+v?h|v(O*v;JGSvAvGv9<v?GCJv9Yv+v{,
svvvOCfvvvOJLvvv;d10Svvv"vvv_vvvvv30Svvv"vvv?|vvv#SvvvGvvv{GC"vvv9NGyvvvAvvv9QMvvv,.hyvvvwvvv#@vvvjvvv+vvvQ$vvvPG
GyvTvGv{<vgvOE\v9pv?@vjv+vQGJGAvQGQIhGyv%vav(:JGCgvOIhpvtv9

k
C(O*v;J(GCMs).hCfv+vO

GSvvAvvMvvOGe|vv(O*vv;JGSvvAvvGvv9<vv?GCJvv9Yvv+vv{Cvv9!vv+?<vv9SvvAvvMvvOGeSvvGvv;JGC"vv9NGCAvvjvv+vvQI.hsvvO
svvvOQJ@vvvzCvvv+vvvQGJGyvvvjvvvzvvv?yvvvAvvvjvvv+vvvQGC"vvv9NvvvvqvvvQbpvvv,|vvvAvvv(Svvvavvv9JGyvvvjvvvz

q
vvv?<vvv+#SvvvGvvv;JGC"vvv9N

G}Yvvvz+?,hSvvvGvvv;JGC"vvv9NGCAvvvjvvv+vvvQI.yvvvwvvv#$vvvPgGyvvvavvvQ*vvvtvvv?D@vvvqpvvvOpvvv,@vvvtvvvO*vvv~GCgvvvzvvv(|vvv9J
G}Svv9Svv+vv?GC(Fvv(OIyvvAvvjvvavv+vv?fvv}vvz+?GyvvAvv"vv(YG@vv+vv(ivvQGpvv,GC"vv9Lvv,fvv=vvQGyvvgvv9DhPyvvx<vvTvv=vv>
@vv(svvrGyvvAvvzCvv+vvQGAvvOjyvvzvvJvvQGQIChGyvv%vvavv(:J,GyvvPjsvvO*vvwvv(f|vv(Fvv=vv9

k
ChSvv9yvv=vv9

k
,fvv̂

GAv9:JG}Sv9Sv+v?h@v(R*vh$vPgGAv9:JGCGv%vRI<vwv}v+v?|v#GCgvzv(|v9JyvzvAv"v=v|<vAvzCv+vQGJ
GC"vvv9N.yvvvtvvvOGSvvvAvvvMvvvOevvvv{|vvv#y+}vvv9!vvvR(Leemans)hSvvv(yvvv(|vvv(f(Solomon)fvvv9e1993,

(32)Intergovernmental Panel on Climate Change (IPCC), Climate Scenarios and Socioeconomic

Projections for IPCC WG II Assessment (Washington, DC: IPCC, 1994).

116



hvvv9Q@vvQh<vv9Qqjfvv9e1991,!vvdvv9eGCgvvzvv(|vv9JG@vv+vv(ivvQGpvv,vvv}vvgvvzvv(|vv9JmCSvv9Svv+vv?vvv(!vv&
Lvv(jfvv̂GCgvvzvv(|vv9JGCAvv(GpvvQIfvv#GC"vv9N|vv#=vv+vvhGC(Gsvvh.h|vvhG}SvvrD@vvQ<vvb$vvPg
G@v%v(O<vgvOE]Cj|v(O*v{GsvAvZv9Oj,h|vhPyvxpvtvOQGfvBGyv"vAv9FvHGyvAvjv+vQGJpv,Gyvav9sv?
G !vAv9Fv+v?Gyvwv9|v"v?CvvDvQ|v#G !vAv9LGAvtv+vtv,,hPyvx<vTv=v>fvOe|vgv9@vAv%v~yvzvwv+vqv+v?GyvAv,
SvAvAvjv+vQ6v9G}Svgv9Qvv"vAv+vGv?yvAvjv+vQGJGyvgvQVG svz+}v,hGyvgv9C,.h@v|vvOGyv"vAv9FvHfv}v(|v9

k

<vzf$vPGGyv"v}v(PL:!vMvqv9VGyvav9sv?Gyvwv9|v"v?yvzv}vJv9Yv+v{pv,GC"v9_vuG:SvAv(GFv+v?hGQ@vqv9fv&
p,GC"9_uGyW}9y+?GCgAOy?|Aa9<t?|h|9ChFOg(RP)

(33).

LvvvvvG:SAG9<?GyTz(v+?

*vvgvvAvv}vvOGyvvAvvJvvz+{G:svvAvvZvv9Ojfvv9OIfvv̂GSvvAvvGvv9<vv9JGCRGQfvv_hG}!vvdvv}vv?GyvvRQGfvv+vv?
yvvAvvtvvO*vvQG:SvvAvvGvv9<vv?.fvv}vv(|vv9

k
D@vvzvvJvveFvv%vv(Oz|vv(Oyvv?yGSvvAvvGvv9<vv9JGCJvv9Yvv+vv{GCgvvOISvv9<vvtvv9

k

(GC=vvwvvQI)GCqvv9@vv+KGC}vvwvv"vv?fvv=vvQG}Yvv"vv9aChGyvvAvvjvv+vvQGJpvv,|vv(Gfvv+vvOGyvvRQGfvv?,|vv]vv9fvvqvv?
GCJvv9Yvv+vv{GCRQhfvv?,GyvvRQGfvv?GC(Svv}vv+vv?GCAvvtvvavvgvv?ChCj@vvjvv+vvQGJCLvvQisvvO;vvOKBCvv9QG

k

Sz=+?Ch<zup(GFOp,G !A9F+?.ytOQGfBOQGS?(RP)<g^G:SAG9<9Jv}q9@+K
G}Yvvv"vvv9ah@vvvjvvv+vvvQGJ|vvv(Gfvvv+vvvOGyvvvRQGfvvv?,E:Cf$vvv"vvv9cGyvvvgvvvO*vvvO|vvv#GCqvvv9@vvv+KG}LvvvQipvvv,
E!vvAvv9LGCJvvZvv(d|vv#<vvOAGyvvRQGfvv?hGLvvAvv+vv9QGCJvvZvv(dhGyvvOhQGJGyvvRQGfvv+vv?hIvvAvv)GAvvZvv9O
h:vvqvv+vvrGCJvvZvv(dh<vvR*vv"vv&.h*vv(FvvOyvvOiGCRGQfvv_GyvvgvvO*vvO|vv#Gyvv"vvWvv9_vv9JGyvvAvv,*vv}vvwvv#
Cf@vvAvvzCvvQ<vv9C"vv9NhGyvvgvvO*vvO|vv#GBvv+vv9QGJyvvAvv=vv"qvv,$vvPgGyvv"vvWvv9_vv9J6vvOa@vvjvv+vvQGC"vv9N.<vvgvv̂
$vvPgG:SvvAvvGvv9<vv9JIvvTvv9Svv?yvvzvv}vv"vv9NCh@vv(|vv9@vv+wvv+vv9

k
<vvTvv=vv>|vvAvvavvzvv=vv9JGyvvAvvjvv+vvQGJGC"vv9Lvv+vv?

GAv9Yvzv?Sv"v?<vgvOCLvQi|vDv{GAvTv9Sv+v9JGyvAv9y+?:RQGfv?GCRGQfv_yvzv=vPGQfv"vO|v9@vwv(f
IvQGQIGyvAvQ<v?|vQ@vqvgv?<v}v9pv+v&Gyvwvqv9*v?;fv"vO|v9*vwv(fGAvtv{Fv9pv9

k
hsv9OQG

k
fv̂Gyvgv}v{;Ch

fvvv"vvvO<vvvOG*vvv?pvvvZvvv{GCavvvQ;h$vvvwvvvPGLvvv9pvvveGCRGQfvvv(ffvvv̂G:pvvvAvvvQGVGyvvvtvvv9Fvvv{<vvv9SvvvAvvv}vvvQGQ
GyRQGf?p,|(fO|g_|9D*AMPsQGQIOO<gwUPyxG:pAQGV.

yvvvtvvvOIvvv9hdvvvv9*vvvRQ(Kaiser)fvvv9e1992|vvv(Oyvvv?G:SvvvAvvvGvvv9<vvv9JGC%vvv}vvv?pvvv,|vvv(O*vvv{
GsvvAvvZvv9Oj|vvDvv+vvQvvv}vv9Ivv9hdvvv{|vv#Vvv9h(Shaw)h!vv(QO$vv(S(Nordhaus)h|vv"vvO*vvzvvTvv(f

(Mendelsohn)fvvvvv9e1992(34)
@vvvvvtvvvvvO*vvvvvQG:SvvvvvAvvvvvGvvvvv9<vvvvv?pvvvvv,|vvvvv(O*vvvvv{GsvvvvvAvvvvvZvvvvv9OjQ*vvvvv9\vvvvv,

<vvv9SvvvAvvvMvvvOGe<vvv+9!vvv9JGyvvvtvvvavvvhGyvvvgvvvQ\vvv,(Cross-Sectional Data)yvvvzvvv(:*vvv9JGCAvvvJvvvOI.hyvvvtvvvO

(33)Reilly, Ibid.

(34)Robert Mendelsohn, William D. Nordhaus and Daigee Shaw, The Impact of Climate on

Agriculture: A Ricardian Approach, Cowls Foundation Discussion Papers (New Haven, CT: Yale

University Press, 1992).
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Fv9Od$v|:A<vzf$vPgGyvavQ*vtv?svOCfvOJvvz+?yv;SvAvGv9<v?GyvTvzv(vv+v?pv,GCOiGyvav(*v{.C|v9
vv9*vRQ(Kaiser)pvtvOsvO

q
Qfv9e1992G6Cv9QC(GsvhIvOhOIpv,Vv}v9dGyv(:*v9JGCAvJvOI,

pv,Iv_GSvAvMvOeGyv=v9IvDv(fGyvDv;Cv?G6LvQhffv9e1994!vdv9e(Ricardian)yvAvtvO*vQG6Cv9Q
fvv̂svv+vv~G}QV,hsvvOvvv9f$vvPGGyvv"vvdvv9epvv,FvvRA|vv"vv&|vvAvv(GR!vv9

k
hyvvwvv"vv&D*vvTvvAvvavvhIvvTvv9H

@j+QGJG}Sg9QGC}w#IOhC%9p,I9y?@j+QG !A9Lf^GCTA(iGyg9C,.

!vvtvvOBLvvQhoFqvv&E]_vvQ*vvtvv?(RP)<vvMvvZvv(Upvv8vv?G:SvvAvvGvv9<vv?GyvvTvvzvv(vvv+vv?,EvvDvv{<vvgvvOe
svvOQIGC(O*vv{fvv̂|vvQGfvv9IGIvvAvv}vv9d@vvavv(*vvQ@vvtvv"vv+vv9JFvvO*vvOI|vvAvv=vv"vv9IyvvAvvjvv+vvQIvv9:JGC"vv9NCh
Ch\v9fv&.<vgv̂|vQNGyv"v=v9JGSvAvav9fv(G<v"vGv9M@v=v"v,CYv"v9asv9OQICh|vAv;Fv}v?|vh@vjv+vQGJ
GC"v9N.pvtvOGSvAvav9YQhR!vqv9*vkhBLvQhffv9e1992|vgvQpv?Gyvwv+vqv+v?GyvAv,*v}vwv#6v9CYv"v9a
GCJv9Yv+v{Cf@vAvjv+vQLv;dGyvvvv50Sv"v?Gyvtv9O|v?,E:

k
C!v&|v#GyvZvgv>GyvAv}vgv#<v9yvwv+vqv+v?GyvAv,

*v}vwv#|vQNGyv"v=v9J@vjv+v+vQ|vqv9$v+v}v%v~,EPG:Ivdv(G@vjv+vQGC"v9NChEPGIvZvzv(Gfv̂EVv9QGJ
GsvvAvvZvv9O*vv?.h|vv#G:SvvAvvGvv9<vv9JG}LvvQi@vvavv(QGyvv"vvtvv{hGC(GQOGC9Fvv+vv?hGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?yvvzvvjvvPGA
GB9Y?<9yAg9|{|hGCJ9Y+{G@O*OICh|hGCT9I9JGCRQhf?IO*D9

k(35).

Ovvvvv@ja+?Gy"W9WGyRQGf,

yvvtvvOvvv9fIvvGvv~|vv(O*vv;JGSvvAvvGvv9<vv?GCJvv9Yvv+vv{GCTvvAvvMvvO|vv?|vv#svv=vv{(RP)|vvtvvAvvZvvQG
k

fvv̂<vvgvv̂Ivv9Yvv+vv{GAvv=vv(H,<vv9yvvQivv~|vv#CGvv+vvAvv%vv9Gyvvwvv=vv+vvQI,fvvzvv}vv9
k
<vvzfBCvv9QGyvvjvvzvv?pvvtvvb

G|vAvOJE]GCJv9Yv+v{G}LvQi,h<v9yvAv9[pv9yvavQbGyvtv9OQIfv̂|vQGfv9IGCOiGyvwv9|v{yv"v}v(
GCJv9Yv+v{G:SvAv(GFv+v?(Vv9|vzv?Gyv=vtv(y+9JhGyvOQ!v+9JhGyvzv(R*v9JhsvZv>GyvTvwvQhJvAvzvr
C!vv(GYIvv9Yvv+vv{GBvv]vv9QhGyvvqvv(Gvvv&CvvvDvvQ|vv;A|vv?yvvzvv}vv"vv9Lvv9JGAvv9QI)*vv}vvwvv#Cf@vvdvv%vvQBCvv9QG

k

JvAvzvqv?yvzv}vJv9Yv+v{GCMvAvzvqv?.EfGyvavQ*vtv?G}Sv9Sv+v?GCTvAvMvO|v?|v#sv=v{(RP)hGyvOQGSv9J
GCWv96v?iv+vQsv9OQIG6ffv̂@vwv9|v{BCv9QGAvWvQGJhG}|vQGVh|vwv9pvJv?Gyv=vPhQ<vJvTv>
E|vvvwvvv9!vvv9J@vvvjvvv+vvvQ$vvv9|vvvhGC"vvv9N.vvvv}vvv9Ef!vvvWvvv9_vvv9JG !vvvAvvv9LGAvvv+vvv(GP@vvvAvvvzCvvvQ|vvv=vvv9VvvvQI<vvv9C"vvv9N
(*vvAvv"vv9svv[hRfGAvv+vv(G!vv9Jhvvv}vv+vv?GAvvz+>pvv,Ivv9:JGAvvQGQIGCQ@vvqvvgvv?),h<vvWvvwvv{ivv+vvQ
|v=v9VvQfv#_vQ*vuG6pv9JhG}|vQGVhfv=vQ@vzCv+vQGJGCQfv)hG}fv;a.$vPgGC;Ivdv9J
D@Aw9|{Ch@OL{<9yOQGS9JGyg9C+?.

yvvvvvtvvvvvOFvvvvv9Odvvvvvv{|vvvvv#|vvvvv"vvvvvO*vvvvvzvvvvvTvvvvv(fh!vvvvv(QO$vvvvv(ShVvvvvv9h(Shaw)fvvvvv9e1992(36)

<vvvzf_vvvQ*vvvtvvvAvvv%vvv~@vvv]vvv}vvv"vvvB=vvv+vvvhGyvvv"vvvWvvv9_vvv9JGyvvvRQGfvvv+vvv?,pvvv,Ivvv_QvvvvRJOQGSvvv9J(RP)

(35)Reilly, Ibid.

(36)Mendelsohn, Nordhaus and Shaw, Ibid.
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hGyvvOQGSvv9JGCWvv96vv?fvv̂GAvv=vv(Hpvvtvvbvvv}vv9PvvvQSvv9<vvtvv9
k
.hyvvOi@vvtvv+vv+vv~OQGSvv9JGyvv=vv9IvvDvv_

GyvvvDvvv;Cvvv?GCPvvvv(Q*vvv#!vvvAvvv9FvvvGvvv%vvv~hFvvvOhGCf$vvv"vvv9cBCvvv9QG
k

|vvvqvvv+vvvOIyvvvAvvvjvvv+vvvQGC"vvv9Npvvv,Gyvvv(:*vvv9J
GCAvvJvvOI,E:

k
C8vv~hFvvOhGC*vv]vv9

k
BCvv9QG

k
Svvzvv=vv+vv?fvv̂G}QG\vv,GCRQhfvv?Ivv=vv(<vv9

k
.h<vv+k#QG*vv\

fvvvvv9e1994<vvvvvzfOQGSvvvvv?(RP)Ivvvvv(dGyvvvvvjvvvvvzvvvvv?D@vvvvvAvvvvvwvvvvv9|vvvvv{|vvvvvhGyvvvvvOQ!vvvvv+9JhGyvvvvv=vvvvvtvvvvv(y+9J
hG@vRQ*v9JhGCJv9Yv+v{G}LvQiPGJG}Gv+v?GBv9Yv?yvzvOhdGyv"v9|v+v?GyvAv,svO@vwv(fCvvDvQ
|;A|?yz}"9L9JGA9QI.

$vvvvvvvvvGyvvAvvqvv9fvv{hGC"vv9pvvTvv?Gyvv(GQOI|vv#GC(GQOG}LvvQihGyvvtvvavv9fvv9JGCTvvAvvMvvO|vv?
yz}(QO

*vvvgvvvAvvv=vvvQGC(QOGC9Fvvv,h@vvv(R*vvvgvvv&|vvv#GCWvvv9vvvv{Gyvvv(G\vvvJvvv?hIvvvOhOIGyvvvOQGSvvv?pvvv,Gyvvv(svvvB
!vvqvvTvv&fvv̂GCTvvAvv(iGyvvgvv9C,,h!vvPv

q
vvQ$vv"vv9OGFvv}vv9

k
<vvAvvRG*vvOGyvvavvzvv>fvv̂GC+vv9gyvv;SvvAvvMvvOG|vv9J

G}LvvvQi(yvvvzvvv}vvvOfhGyvvv=vvv"vvv9AhGyvvvqvvvtvvvOpvvv,G}svvv"vvv+vvv?...EyvvvN),h<vvv(Yvvv(dGC+vvv9gGCTvvvAvvvMvvvO|vvv?
yvvzvv}vvTvvAvv(*vv9JGC;Fvv}vv?h:vv9hR$vv9CIvv+vv9!vv9

k
(!vv]vv(HGC+vv9gG@vv(pvv+vv?pvv,<vvgvv̂GC"vv9_vvu)h<vv9yvvAvv9[

@vvgvvAvv=vvQ|vv+vv9gGyvvQj$vvPg|vvTvv|hyvv?fvv#GyvvAvv}vvzvvKh@vvO$vv(QG}QG\vv,<vvJvv+vvE@vvZvv=vvKivv+vvQYvv9Avv?
yv;SvAvDv}v9QGyvRQGfv,IvAv)hyv(@v(GpvQ|v(QOGC+v9g.h|vhG}SvrD@vzLvPGyvOQGSv9JGCAvwv9|vzv?
$vvPgGC;Ivvdvv9Jpvv,|vv(O*vv;7vv9,hE!vv}vv9Ivv9pvvdvvBfvv̂G:pvvAvvQG\vv9JGyvvAvv,@vvtvv(d<vvgvvOeR*vv9OI
@vzvxGCTv9Iv?GCQh*v?ChEOLv9dGC"v9pvTv?fv̂GC+v9gpv,GC(O*v{pv,GyvdvQhaGAv9y+?.yvtvO<v+q#
E*vvTvvAvvQy+"vvk(Easterling)hBLvvQhffvv9e1992(37)GAvvtvv+vvtvv?GCAvvgvvzvvtvv?<vvzf@vvjvv+vvQGC"vv9NSvv(a
*v|CvQpv,Gyvtvav9fv9JGCMvAvzvqv?}jEsvz+~.h@vQvvR$vPgGyvAvOGLv;J|v=vOFv+v9

k
fv̂Gyvwv+vqv+v?GyvAv,

@v|CvQpv+v%v9BCv9QGyvtvav9fv9JGCMvAvzvqv?pv,G:svAvZv9O<v9 svz+~,CvvDvQ|v#Gyvwv+vqv+v?GyvAv,<vzvu6v9
$vvPgGyvvtvvavv9fvv9J_vvzvv=vv9JGC"vv9pvvTvv?fvv̂G}QG\vv,GyvvRQGfvv+vv?hGyvvjvv9<vv(*vv?hfvv̂GC+vv9ghGC(GQO
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Svv"vv(*vv9
k

(9000vvvvv14000vvv~3)(2).h@vvgvvAvv=vvQ$vvPgGyvvwvv}vv+vv?vvv9pvv+vv?@vvtvvQ*vv=vv9
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.E:Cf@vv(R*vvhGC+vv9gGyvvgvvP<vv?

ivvv+vvvQ|vvvAvvv(GRf<vvv+#$vvvPgG}svvv9y+~|vvv#Fvvv%vvv?h<vvv+#OhdG svvvz+~Gyvvv(GIvvvO|vvv#Fvvv%vvv?Cvvv9!vvv+?.

(1)M. W. Rosegrant, «Water Resources in the Twenty-first Century: Challenges and Implications

for Action,» (2020 Discussion Paper; no. 20, International Food Policy Research Institute (IFPRI), 1997).

(2)R. Clarke,Water: The International Crisis (Cambridge, MA: Michigan Institute of Technology

Press, 1993).
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pvv}vvMvvZvvZvv9JGyvvqvvQO|vv#$vvPgGC+vv9g|vvQ@vvqvvgvv?FvvOG
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pvv,C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?hVvv}vv9dCpvvQ*vvtvv+vv9pvv,

Ivvv_@vvv=vvvAvvvgvvvOJvvvZvvvZvvv9JGyvvvqvvvQOpvvv,svvv9QGJBSvvv+vvv9hChQh<vvv9hFvvv"vvv(HCpvvvQ*vvvtvvv+vvv9vvvvDvvv+vvvQG
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fvvv#
JZZ9JR|+z&p,Gyt9QIG}|Q*w+?(3)(G!dQG@OhdQs~(3vvvvv1)).

G@OhdQs~(3vvvvv1)
JZZ9JGyqQOGCA(pQI|#GC+9gIT>G}s9y+~Gyg9C+?

L;dGyqAQI1950vvvvv2000(1000e3)

GyT"vvvvvvvv?
G sz+v~

19501960197019802000Gy"t[<+#1950
h2000(p,GC8?)

CpQ*t+92016,512,79,45,174,5

BS+99,67,96,15,13,365,6

ChQh<9(*)5,95,44,94,64,130,5

C|Q*w9GyW}9y+?hGy(Sa)37,230,025,221,317,553,0

C|Q*w9G@"(<+?105,080,261,748,828,373,1

|;Id?:(*)fOGOhdG:;9OGyT(p+9OGyT9<u.
GCZvvvvvvvvvvvvvvvOQ:N. B. Ayibotele, «The World’s Water: Assessing the Resource,» (Keynote Paper at the

ICWE, Dublin, Ireland).

$vPGGyvAv(R*vhG svz+}v,yvzv}v+v9gGyvgvP<v?Mv=vr\v}v"v&GIvAv}v9:JvvDv+vQI |vwv9!v9JGC+v9g.
pvqv,vv"vOG@vtvOQJvZvZv9JGyvqvQOGyvTv"v(*v?|v#GC+v9g<vvv120Cyvre3,pv,Iv_:@vR*vOfv#

600e3pvv,vvv+"+vv9.vvvPyvvxGAvv9d\vv}vv#G svvz+~Gyvv(GIvvOEP@vvAvvqvv9hJGIvvAvv}vv9:J@vv(pvvQGC+vv9g
GyvgvP<v?,pv=v+"}v9*vAv(pvQyvzvqvQOpv,Gyv%v"vO|v9*vR*vOfv#2500e3/GyvTv"v?,!vGvOCf$vPgGyvwv}v+v?
@vv"vvMvvqvv̂yvvAvvZvv{550e3/GyvvTvv"vv?yvvzvvqvvQOpvv,QGFvvTvvAvv9f.E\vv9pvv?yvvPyvvx$vv"vv9c|vvqvv9Qsvv9Jvvv=vv+vvQI
yvvzvv}vv+vv9gfvv=vvQGyvvqvvZvv(d,pvv}vvDvv;
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@vvgvv9P<vv"vvjvv;OTvvvDvv+vvQG
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|vv#Gyvvqvv+vv]vv9!vv9JGC(Svv}vv+vv?<vvgvvOFvvqvv9a

|vvv(Svvv}vvv,svvvZvvv+vvvQFvvvOG
k(4).$vvvPGhsvvvO@vvvAvvvJvvv(d$vvvPgGyvvv"vvvOQIGC9Fvvv+vvv?fvvv̂GCTvvvAvvv(*vvv_G svvvz+}vvv,

hGCJv\E]|vWvwvzv?|v9Fv+v?sv9Sv+v?hyvwv#|v9$v,GyvOhdGyvAv,SvAv(GFv&$vPgG}R|v??E8qv9GyvOhd
PGJGC(GQOGC9Fvv+vv?Gyvv(Gsvvgvv?<vv+#1000vvvvv1600e3yvvzvvqvvQOSvv"vv(*vv9

k
,Ivv+vvESvvAvv(GFvv&\vvjvv(_vv9
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h|vvWvv9vvv{QFvv+vvTvv?Lvv9Yvv?pvv,Svv"vv(GJG@vvqvv9aIvv+vvE@vvwvv(fGC+vv9gGCAvvGvvOOIGyvvTvv"vv(*vv?Csvv{|vv#

(3)N. B. Ayibotele, «The World’s Water: Assessing the Resource,» (Keynote Paper at the

ICWE, Dublin, Ireland).

(4)R. Engleman and P. LeRoy, Sustaining Water: Population and the Future of Renewable Water

Supplies (Washington, DC: Population Action International, 1993).
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k

|vv9Fvv+vv9
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hSvv+vvQ@vvqvvhfvvOOGyvvOhd$vvPgfvv9e2025C9<vv+#46vvvvv52Ohyvv?h<vvAvvGvv}vvhSvvwvv9P*vvR*vvOfvv#
C;C?<;*_pQOv}9*A(shy+Qhjr(Leroy)hE!jz}9f(Engelman)f9e1993.

2vvvvvGSAg}9:JGC+9gGyg9C+?
|vv#Gyvv=vvOG$vv?<vv}vvwvv9fCf@vvAvvQGpvvuGyvvgvvQhVGCJvvOhOIyvvzvv}vv+vv9g(Tightening Supplies)|vvh

Gyv"v}v(GyvTvQ*vhfvz+%v9.G@vOhdQsv~(3vvvvv2)*vgvQVGSvAvgv}v9:JGC+v9gfv̂GCTvAv(iG svz+}v,
<v+#fv9|v,1950vvvvv2000h|v"v&!v;IveGQ@vqv9Y!vTv=v?GSvAvgv}v9:JGC+v9gpv,C|vQ*vwv9Gyv;@v+"v+v?
}vvDvQ|v#100pv,GC8v?hpv,CpvQ*vtv+v9}vvDvQ|v#500pv,GC8v?fv9e1990,hSvAvQ@vqvh}vvDvQ
|vvv#Pyvvvx<vvvwvvvDvvv+vvvQfvvv9e2000.pvvv,fvvv9e1990GSvvvAvvv%vvvzvvvwvvvBsvvv9QIBSvvv+vvv960pvvv,GC8vvv?|vvv#GC+vvv9g
Gyvvgvv9C+vv?pvv,Ivv_GSvvAvv%vvzvvwvvBC|vvQ*vvwvv9GyvvWvv}vv9y+?17pvv,GC8vv?hChQh<vv913pvv,GC8vv?hCpvvQ*vvtvv+vv96
pvv,GC8vv?hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?4pvv,GC8vv?.C|vv9Gyvvavvzvv>Gyvvgvv9C,yvvzvv}vv+vv9gpvvtvvOGROGO<vv}vvgvvOd2,4pvv,
GC8?S"(*9

k
|"Pf9e1970hIAq)G6fv}9*t(dQhRiQG!B(Rosegrant)f9e1997(5).

G@OhdQs~(3vvvvv2)
GSAg}9:JGC+9gIT>G}s9y+~Gyg9C+?1950vvvvv2000(v~3/GyT"?)

GyT"?
G sz+~

195019601970198019902000GyR*9OI<+#1950
h2000(p,GC8?)

CpQ*t+95686116168232317566

BS+986512371543193924783187368

ChQh<994185294435554673716

C|Q*w9Gy;@+"+?596385111150216366

C|Q*w9GyW}9y+?286411556663724796278

GCG}(Y136019822594331641385189381

GCZvvvvvvvvvvvvvvvOQ:R. Clarke, Water: The International Crisis (Cambridge, MA: Michigan Institute of

Technology Press, 1993).

(5)Rosegrant, «Water Resources in the Twenty-first Century: Challenges and Implications for

Action».
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G@OhdQs~(3vvvvv3)
@(RYGSA%;cGC+9gGyT"(jyzqQOf^Gyta9f9JG}S9S+?
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yOL(dGyOhd

H}(f9JOL{GyOhdGSA%;cGyqQO
GyT"(jyz}+9g(e3)

@(R*hGC+9gGCTA%zw?f^Gyta9f9J(p,GC8?)

GyRQGf?GyZ"9f?G:SA%;cGC"R[

Ohd|"Mq]?GyOL{3869154

Ohd|A(Sa?GyOL{433691813

Ohd|Q@qg?GyOL{1167394714

GCZvvvvvvvvvvvvvvvOQ:World Bank, Natural Resources Management in Nepal: 25 Years of Experience

(Washington, DC: The Bank, 1992).
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h:Q@vqv9Y*vZv{E]1200eh<vwvzvqv?1,33Oh:Q/e3hGyvAv,GQ@vqvgvBE]1,5Oh:Q/e3

pv,8v9*v?GyvtvQfGyvgvWvQ*v#.pv,|vO*v"v?Vv"v+v9!vk(Shenyang)GyvZv+"+v?@v]v9fvqvB@vwv9y+r@v(pv+vQ
GC+vv9gCvv;K|vvQGJLvv;dGyvvqvvAvvQI1988vvvvv2000Cj|vv#0,4E]0,11Oh:Q/e3<vvTvv=vv>
@vvzvv(K|vv+vv9gG6<vv9QG@vv(pvv+vv?GyvvAvv,Kvv>!vvtvvzvv%vv9|vv#|vvTvv9pvv?51vvv~h|vv#Cvv~q@vv"vvtvv+vvAvv%vv9.hpvv,y+}vv9
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(Mexico City)p+]NGC9A<(GOjGCwT+xh<wzq?@Z{E]0,82Oh:Q/e3(7).

(6)GCZOQ!qT&.
(7)World Bank, Water Resources Management, World Bank Policy Study (Washington, DC: The

Bank, 1993).
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G@OhdQs~(3vvvvv4)
GyAw9y+rGyQCS}9y+?GAt+t+?yAG%+RGJC!d}?GyQjGAO*D?

L;dGyqAQI1966vvvvv1988p,<g^GyOhdG6S+(*?(Oh:Q/$wA9Q)

|A(SbGyqAQIGy%"O
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E!Oh!+T+9
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Gyqz+=_
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SQ*;!w9
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@9*;!O
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GCA(Sb
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Investment and Management Policy,» Food Policy, vol. 18, no. 2 (1993), pp. 13-32.
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(13)M. W. Rosegrant and M. Svendsen, «Asian Food Production in the 1990s: Irrigation

Investment and Management Policy,» Food Policy, vol. 18, no. 2 (1993).
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*vvgvv}vv{GCWvvQhYfvv̂@vv"vv}vv+vv?GyvvTvvwvv9fGyvvQ*vvqvv+vv_pvv,GC"vvavvtvv?.C|vv9!vv(G@vvH|vvWvvQhYvvv%vvPGpvv+vv}vvwvv#
Cf@w(f:

(14)D. Seckler, The Sardar Sarovar Project in India: A Commentary on the Report of the

Independent Review, Center for Economic Policy Studies Discussion Paper; no. 8 (Morrilton, Ark.:

Winrock International Institute for Agricultural Development, 1992).

(15)T. Berger, «The Independent Review of the Sardar Sarovar Projects 1991-1992,» Water

Resources Development, vol. 10, no. 1 (1992).
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vvvvvGQ@q9YGy]jbf^Gy=+8?Gy%W?.
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199668197265
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1970vvvvv19822,571,902,08
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1995vvvvv20020,01,081,05

GCZvvvvvvvvvvvvvvvOQGf:Food and Agriculture Organization (FAO): FAO Stat-PC, Land Use Domain (Rome:

FAO, 1996), and FAO Stat-PC, Land Use Domain (Rome: FAO, 2003).
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|vvWvv9Q*vvhGyvvQjGyvvZvvjvv+vvQIGAvvGvv~PGJpvvgvv9y+?Cpvv]vv{|vv#C!vvdvv}vv?GCQGsvv=vv?GAvvwvv(|vv+vv?yvv%vv9.
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(16)H. W. Underhill, Small Scale Irrigation in Africa in the Context of Rural Development

(Bedford, UK: Cranfield Press, 1990).

(17)W. M. Adams, «How Beautiful is Small? Scale, Control and Success in Kenyan Irrigation,»

World Development, vol. 18, issue 10 (1990).

142



vvvvv<vvvTvvv9_vvv?GyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9GCTvvvAvvvMvvvO|vvv?hG!vvvMvvvqvvv9V@vvvwvvv9y+qvvv%vvv9hGIvvvAvvv(GFvvv%vvv9ivvv9yvvv=vvv9
k

fvvv̂
|]M9JYj+QI@TJ>GC+9g|#G}89QhG6<9Q.

vvvvv@"d~Gyg;s9JhGyAQ@+=9JGC|ST+?Gy;R|? !G9RG}f}9dGyqQO*?hGB9Y?.

vvvvvGy="+?G}S9S+?|"9S=?h@T}K<A(p+QGCOL;JhGCMQF9J|#hE]G}S(Gb.

vvvvv@(pQG}!d}?yzJZ(df^Gyg9FOGJGy"tO*?p,Gy(sBGC"9S>.

vvvvvf}{GCRGQf_<GO*?h|T9GA%~p,@Z}+~hE!G9RGCWQhY.
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k
 fvv9OIG:SvvAvvgvv}vv9dE:Cf@vvwvv9y+r

Gyvvv(IvvvOIGC9Fvvv+vvv?@vvvwvvv(fCfvvv̂<vvvTvvv=vvv>vvvv(fE!vvvAvvv9Fvvv+vvv?Gyvvv(IvvvOIGC9Fvvv+vvv?|vvv#GCJvvvZvvv(dCvvvvDvvvQ
G!vvMvvqvv9\vv9

k
.h$vvwvvPG@vvwvv(fGyvvAvvwvv9y+rG:svvAvvZvv9O*vv?,fvv"vvOGCTvvAvv(*vv9JGC"vvMvvqvv]vv?yvvzvvAvvzvv(K,

Ivvwvv(|vv?<vv9:!vvTvvJvv9HG}h[Gyvvgvv9[yvvzvv}vv+vv9ghGyvvPG$vv>yvvzvvZvvQah<vv9yvvAvv9[yvvzvvAvvzvv(KhEfvv9OI
G:SvvAvvMvvOGe,E:C!vv&:*vv(FvvOpvvtvvOpvv+vvR*vv9Fvv,yvvzvv"vvdvv9eGC9Fvv,,hyvvwvv#|vvhGSvvAvv}vvQGQEfvv9OI
G:SvvvAvvvMvvvOGe,*vvvgvvv=vvvQGyvvvAvvvzvvv(K<vvvOQFvvv?|vvvAvvvtvvvO|vvv?E]GCtvvvO|vvv?<vvvJvvv+vvvE*vvvZvvv=vvvKGC9Aivvv+vvvQsvvv9<vvv{
y;SAg}9dh<9yA9[ptOG

k
p+R*9F+9

k
yz"d9eGC9F,.

h<vvvWvvvwvvv{|vvvWvvv9<vvv&*vvv(\vvvKG@vvv9!vvv>G:svvvAvvvZvvv9Ojyvvvzvvvgvvv}vvvz+?,pvvv9 |vvvwvvv9!vvv+?G:svvvAvvvZvvv9O*vvv?
 fvvv9OIGSvvvAvvvMvvvOGeGC+vvv9g$vvv,fvvv}vvvz+?GsvvvAvvvZvvv9O*vvv?|vvvTvvvAvvv}vvvQIpvvvgvvv"vvvO|vvv9@vvvwvvv(f@vvvwvvv9y+rEfvvv9OI
GSvAvMvOGeGC+v9g|v"vMvqv]v?!vTv=v+v9

k
pvTv(a*vgv9OGSvAvMvOGeGC9Ahyv#*vwv(f$v"v9cpvtvOpv+vR*v9Fv,

yvzv"vdv9eGC9Fv,,hyvwv#fv"vO|v9@vZv=vK@vwv9y+rEfv9OIGSvAvMvOGe|v+v9gGyvZvQa|vQ@vqvgv?<v}v9pv+v&
Gyvvwvvqvv9*vv?h@vvgvv=vvQfvvAvv=vvAvv%vv9G:svvAvvZvv9O*vv?*vvZvv=vvK|vv9AGyvvZvvQa$vv"vv9ivv+vvQGsvvAvvZvv9Ojyvv;SvvAvvgvv}vv9d
h<vv9yvvAvv9[pvv%vv"vv9cpvvtvvOpvv+vvR*vv9Fvv,yvvzvv"vvdvv9eGC9Fvv,.h|vvh|vvQGfvv9I|vv(\vv(YGyvv=vv+vv8vv?*vv}vvwvv#Gyvvtvv(dE!vv&
vvvvz
q
vvv}vvv9RGOGyvvvqvvvQb<vvv+#svvv+vvv}vvv?Gyvvv"vvvOQIGAvvvtvvv+vvvtvvv+vvv?yvvvzvvv}vvv9Ah<vvv+#SvvvgvvvQG:SvvvAvvvMvvvOGeGyvvvqvvvgvvv9d
(G:svvAvvZvv9Oj)vvv=vvQGyvvqvvtvvOGC9Fvv,|vv#Gyvv"vv9Ivv+vv?G:svvAvvZvv9O*vv?.h@vvAvv}vvDvv{$vv"vv9|vv%vv}vv?EOGQIGyvvavvzvv>
<vvMvvzvvuGyvv(pvvQGC9Fvv,Gyvvqvv+vvR*vv9Fvv,hGyvv(pvvQG:svvAvvZvv9OjhPyvvx<vvR*vv9OIGC"vvAvvH|vv#hIvvOIGyvvqvvtvvO
GyvAv=vMvQjhR*v9OIG:SvAvqv9OI|v#GC9Asv=v{hYv(yv&E]|vQIvzv?GyvAv}vzvK<v9 \v9pv?E]Lvqv̂
@vvzvv(Cvv&,h<vv9yvvAvv9[Lvvqvv̂pvvtvvOGC9AIvvAqvv)GCQIvvzvv?G:svvAvvZvv9O*vv?hLvvRfGC9AGC(Fvv(Opvv,$vvPg
GCQIvvzvv?6vvOaG:SvvAvvgvv}vv9d.E:C!vv&|vv#ivv+vvQGyvv(G\vvKvvv~$vv,Gyvvwvv}vv+vv9JGC}vvwvv#@vv(pvv+vvQ$vv9
|vv#GC+vv9gGyvvwvv9|vv"vv?fvv"vvOvvv{

q
!vvtvvavv?|vv#Gyvv"vvtvv9WGCPvvv(QI,yvvPyvvx:<vvOq|vv#EFvvQGAGyvv=vvJvv(K

Ivvv(d$vvvPgGyvvv"vvvtvvv9Wvvvv}vvv9@vvvAvvvavvvzvvv>GyvvvAvvvtvvvO*vvvQGJGyvvvOsvvv+vvvtvvv?yvvvzvvvtvvv(IGyvvvwvvv9|vvv"vvv?yvvv%vvvPgGC+vvv9gEFvvvQGA
;z+;J!(f+?y~I(GVGC9F+?PGJGyg;s?.
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HvvvvvCOhGJS+9S?EOGQIGyaz>

yvvvtvvvOIvvvO
v

OGyvvvgvvv9D6vvv9@vvv+9(Bhatia)hBLvvvQhfG}OhGJGCTvvvAvvvMvvvO|vvv?pvvv,Svvv+vvv9Svvv?EOGQI
Gyaz>GC9F,Gyg9C,<9y"t9WG6@+?(35):

vvvvvGAvv9:JGyvvtvv9OQIfvv̂@vvjvv+vv+vvQGyvv=vv+vv8vv?GyvvWvvQfvv+vv?(Gyvvtvv9!vv(!vv+?)hGC|SvvTvv+vv?<vvJvv+vvE*vv}vvwvv#
<vvvR*vvv#GC+vvv9ghGSvvvAvvvgvvv}vvv9yvvv%vvv9.h@vvvWvvv}vvv{G}OhGJ(GyvvvTvvv+vvv9Svvv9J)$vvv"vvv9EYvvv;MIvvvtvvv(bGC+vvv9g
hGBvZvMvZv?pv,GSvAvgv}v9dGC+v9ghGyvtv(G!v+#GBv9Yv?<v}vTv9fvOI|vTvAvMvO|v,GC+v9g(GyvQ*vqv+v(f
hGA]Q*(f).

vvvvvGCwv9pv5JGBv9Yv?<vTv(bGC+v9gGyvAv,@v|CvQ|v=v9VvQIfv̂Svzv(vv+v9J|vTvAvMvO|v,GC+v9g
6vvOaIvvqvveGC+vv9g:SvvAvvMvvOG|vv%vv9.h@vvWvv}vv{G}OhGJ(GyvvTvv+vv9Svv9J)$vv"vv9EYvv;M@vvTvvgvv+vvQGJ
GC+vv9gh@vvtvvz+[GCTvv9fvvOGJfvv̂GSvvAvv%vv;cGC+vv9gpvv,GC"vv9_vvuGAvv]vvQ*vv?hGyvvAvvwvv9y+rGyvv=vv+vv8vv+vv?
hGy]QGF>hG f9!9JG}LQi.

vvvvvCOhGJLvv9QL!vvavv9bGyvvTvv(bh@vvWvv}vv{IvvOOGJGyvvQLvv[h|vvQGsvv=vv?GyvvAvvzvv(Kh!vvdvv9e
GAZ[.

vvvvvGyvvvvAvvvvOLvvvv{GC=vvvv9VvvvvQh@vvvvWvvvv}vvvv{<vvvvQG|vvvvHGyvvvvZvvvv+vvvv9!vvvv?hG Yvvvv;MhGvvvvvAvvvvWvvvv9aGyvvvvqvvvvGvvvv(GJ
hG:SAD}9Qp,;T_Gy=")GyAJA+?.

$vvvvPGh@vvvvAvvvv=vvvv9*vvvv#_vvvv=vvvv+vvvvgvvvv?$vvvvPgG}OhGJh|vvvvOiGSvvvvAvvvvMvvvvOG|vvvv%vvvv9|vvvv#Ohyvvvv?}LvvvvQi,
h*vvvAvvv(svvvrPyvvvxfvvv̂cvvvQhahIvvv9yvvv?vvvv{

q
|vvv"vvv%vvv9(|vvvTvvvAvvv(iGyvvvAvvv"vvv}vvv+vvv?G:svvvAvvvZvvv9O*vvv?,svvvOQI

GC|SvTv9JGC9Fv+v?Gyvqv"v+v?hG OGQ*v?hG:svAvZv9O*v?,!vOQIGC9AGyv"vTv=v+v?,|vTvAv(iGyvAvwvDv+vr
GyvRQGfv,,...EyvN.),h*vAvavzv>G}|vQ$v"v9EFvQGA<vJv(KE\v9pv+v?yvAvZv}v+v~GyvTv+v9Sv9J
Gy"(f+?}jOhy?.

LvvvvvGCq9$+~G}S9S+?:SAQG@+G+9JEOGQIGyaz>GC9F,Gyg9C,

h@vvAvv}vvDvv{$vvPgGCqvv9$vv+vv~<vv9yvv"vvtvv9WGyvvAvv9y+?:EOGQI_vvzvv>GyvvQjGyvvTvvavvJvv,,EOGQI_vvzvv>
GC+vv9gG@vv(pvv+vv?,GBvvZvvMvvZvv?hGCTvv9Gvv?pvv,GyvvQj,EYvv;MGyvv"vvdvv9eGC9Fvv,GAvv]vvQj,Ivvqvve
GC+9g<9yAt"+?GC"9S=?,_z=9JGy=+8?yz}+9g.hp,|9*\@(\+Kypw

o
{

q
|#$PgGCq9$+~.

(35)R. Bhatia and M. Falkenmark, «Water Resource Policies and the Urban Poor: Innovative

Approaches and Policy Imperatives,» in: United Nations Development Programme (UNDP) and

World Bank Water and Sanitation Program, Water and Sanitation Currents (Washington, DC: World

Bank, 1993).
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(1)EOGQI_z>GC+9gGyTaJ+?

*vvv}vvvwvvv#IvvvqvvveGC+vvv9gG@vvv(pvvv+vvv?<vvvAvvvJvvvTvvv_EOGQIBy+?EOGQIGC|SvvvTvvv9JGC9Fvvv+vvv?GCMvvvAvvvzvvvqvvv?
hPyx<9<9PH}(f?|#G FQGAGJG OGQ*?hG:sAZ9O*?hL9Y?GyA9y+?:

(C)G Y;I9JG OGQ*?

h@vWv}v{@vgvO*v{_vQb@v(R*vhGC+v9g(vv9yvAvJv(d|v#GyvAvOpvuGCTvAv}vQyvzv}v+v9gE]GyvAvOpvu
Gyvgvtv;Ppv,GyvAv(R*vh)hEYv;MGC|SvTv9JGyv=v+vQhsvQG_v+v?}!vdv}v?GyvQj.EfEYv;M_vQb
EOGQIGC+vv9gpvv,GyvvOhdGyvv"vv9|vv+vv?\vv}vv#G}!vvdvv}vv?Gyvvtvv+vv9O*vv?GyvvTvv9FvvOI<vv+q#pvv,Gyvvgvvtvv(OG}Lvv+vvQI
!vvvAvvv9FvvvHLvvvz+avvv?.pvvv}vvvh<vvvgvvv̂GyvvvAvvvOLvvv;JG Yvvv;Ivvv+vvv?IvvvZvvvzvvvBR*vvv9OI!vvvTvvv=vvv+vvv?pvvv,vvvvqvvv9AI
GSvvAvvgvv}vv9dGC+vv9ghGQ@vvqvvgvvBC*vv]vv9

k
|vvgvvO:JGyvvgvv(GFvvOG:svvAvvZvv9O*vv?pvv,<vvgvv̂GyvvOhdpvv,Ivv_

Ccvv%vvQJ!vvAvv9FvvHCLvvQivvvqvv9AICsvv{h|vvgvvO:JGsvvAvvZvv9O*vv?yvvzvvgvv(GFvvO|vv"vvMvvqvv]vv?h<vv9yvvAvv9[pvv}vv#
i+QGy(G\KEPG@(pQ|9AIt+t,f=Q$PgG !G9RGJCe:.

yvvvtvvvOGSvvvAvvvzvvv}vvvBGC|SvvvTvvv9JhGyvvv(vvvv9:JGC9Fvvv+vvv?GAvvvwvvv(|vvv+vvv?GyvvvwvvvDvvv+vvvQ|vvv#GC;Ivvvdvvv9J
hG Vvv9QGJpvv,GyvvTvv"vv(GJG}Lvv+vvQIyvvAvvJvvTvv_!vvdvv~EOGQG7vv9hsvvOqesvvTvv~vvv=vv+vvQ|vv"vv%vv9<vvQG|vvH
_vvv(*vvvzvvv?GCOiyvvvAvvvJvvvTvvv_!vvvdvvv~EOGQ7vvv9yvvvzvvv}vvv+vvv9gh|vvv#\vvv}vvv#$vvvPgGyvvv=vvvQG|vvvH:Efvvv9OI@vvv"vvvdvvv+vvv~
GSvvvAvvvMvvvOGeGC+vvv9g<vvvWvvvwvvv{*vvv]vvv}vvv#IvvvQ*vvv?FvvvRFvvv+vvv?yvvvzvvv}vvvTvvvAvvvMvvvO|vvv_,@vvvavvv=vvv+vvvuGyvvv"vvvdvvv~GC9y+?
yvvzvv}vv|SvvTvv9JGC9Fvv+vv?,\vv}vv9fIvvtvv(bG}pvvQGOh@vvtvvO*vv~GyvvAvvTvv%vv+vv;JGBvv9Yvv?6vv~yvvAvvwvv(*vv#
Gyvvv(vvvv9:JhGC|SvvvTvvv9JGC9Fvvv+vvv?GBvvv9Yvvv?,|vvvOqGCRGQfvvv_<vvv9Cgvvvzvvv(|vvv9JGBvvv9Yvvv?fvvv#fvvv}vvv{
GC|ST9JhGy(v9:JGC9F+?hGyA(Sh<5y+?GCJ9S=?.

(H)It(bGC+9ghG}S(GbhG}Sg9Q

*vvtvv(dQhRivvQG!vvB(Rosegrant)hBLvvQhffvv9e1997(36)
<vvzfGBvv+vv9QG}hdyvvAvv(R*vvh

GC+v9gvv}v+v9
k

Kv>Cf*vAv~hpvu|v=vOEGAv(GpvRhPyvxE|v9fv=vQG}Sv(Gb(fvQVh_vzv>)h|v9
*vvvQGpvvvtvvv%vvv9|vvv#!vvvtvvv{Ivvvtvvv(bGCzvvvwvvv+vvv?Chfvvv=vvvQCSvvvgvvv9QGC+vvv9gGyvvvtvvv+vvv9Svvv+vvv?.h:IvvveG}LvvvZvvv9Fvvv+vvv(f
GSvvAvvGvv9<vv?GCRGQfvv_pvv,vvvDvv+vvQ|vv#GyvvOhdGyvv"vv9|vv+vv?yvv~Svvgvv9Qfvv"vvOGSvvAvvMvvOG|vv%vv~GC+vv9ghEvvDvvzvvB
GSAG9<9JGCRGQf_G}S9S+?<96O:

vvvvvf"OQphCSg9QGC+9gGSAMO|Bv}+9JIOhOIyz}JZ(dGCRQhY.

vvvvvG:SAG9<?yA=",@t"+9JGyQjGy]9ia?y%OQGC+9g(GyQj<9yA"t+b|D;
k
).

(36)Rosegrant, «Water Resources in the Twenty-first Century: Challenges and Implications for

Action».
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vvvvvGSAG9<?GCRGQf_yRQGf?I9Y+{CvDQvq9AI:SAMOGeGC+9g.

vvvvvGSvvAvvGvv9<vv?GCRGQfvv_BvvzvvbGCJvv9Yvv+vv{6vvOaGyvvAvvjvv+vv+vvQhGAvvZvv(dfvv̂Ivv9Yvv+vv{fvv9y+?
Gyt+}?.

hGyvv(GsvvhCf$vv"vv9cpvv9FvvO@vv9fCSvv9Svv+vvAvv9f}Svv(GbGC+vv9g<vv9Ctvv9Q!vv?|vvhGyvvAvvTvvgvv+vvQGAvvwvv(|vv,
Gyqgq9dG9:

vvvvvLvqv̂vvzvqv?GCgvzv(|v9JGBv9Yv?<v9}Sv(Gbh@vZv"v+vrGCAvgv9|vz+#<v9C+v9g|vhGCgvQpv?
Gyvqv"v+v?yvtv+v}v?GC+v9gvv}vTvAvzvRe|v#fv"v9YvQGyvgv}vz+?G !vAv9Fv+v?h<v9yvAv9[;v}v{@vwvzvqv?GCgvzv(|v9J
h@wzq?GC+9gf^GyAwzq?Gywz+?yz}+9g.

vvvvvyvvtvvOOLvvzvvBIvvtvv(bGC"vvAvvqvvhGyvvTvv9<vvu<vv9C+vv9g(QSvv}vv,,Chivv+vvQQSvv}vv,)pvv,svv+vv}vv?
G}QVGCQh*?(GB9Y?<9C"AqhCjQpgB|#s+}?G}QV).

|vv#Fvv%vv?CLvvQi*vv;IvveGyvvAvvTvvgvv+vvQGAvvwvv(|vv,yvvzvv}vv+vv9gh*vv]vv}vv#Ivvtvv(bGC"vvAvvqvvgvv_<vv9C+vv9g
h<vv9yvvAvv9[pvvQpvvh$vvPgG}Svvgvv9QCh<vv"vv9ACSvvgvv9QIvvwvv(|vv+vv?CvvvDvvQpvvgvv9y+?6vvOaEKvv9O!vvdvv9evvvrA
:SvvvAvvvMvvvOG|vvv9JGC+vvv9ghCSvvvgvvv9Q$vvv9Kvvvgvvv{G}|vvvQYvvvgvvv=vvv9

k
fvvv̂GyvvvOhyvvv?h<vvv9yvvvAvvv9[*vvv}vvvwvvv#GfvvvAvvv=vvv9Q

Ivvtvv(b|vvzvvwvv+vv?GC+vv9gh!vvtvvzvv%vv9vvvZvv+vv9ivv?yvvzvvJvvtvv(bGAvv9y+?yvv%vv9CvvvDvvQCGvv+vv?|vv#Ivvtvv(b!vvRY
GCzw+?IT>hF%?!dQG OGQIGyT+9S+?.

h@v=v_:v9QH<vgv̂GyvOhdGyv"v9|v+v?GyvAv,!vtvzvBhIv(qyvBIvtv(bGC+v9g|v#GC|SvTv9J
GAvwv(|v+v?hhvv9:7v9PGJGyv"vRfv?GCQvvR*v?hGyv=v+vQhsvQG_v+v?E]GCRGQfv_h|vTvAvMvO|v,GC+v9g
G6LQ*#Cf$"9cGygO*O|#Gyq(GFO|"%9:

vvvvv|vv(Gpvvtvv?|vvTvvAvvMvvO|vv,GC+vv9g}*vv?Efvv9OIyvvAvv(R*vvhGC+vv9ghGC(GR!vv?pvv+vv}vv9<vv+"vv%vv~}*vv?vvv}vv+vv?
|#GC+9gGC"t(y?ChGCJ(qy?.

vvvvv\vv}vv9fIvvtvv(bGC+vv9gyvvzvv}vvRGQfvv_GCTvvAvvzFvvQ*vv#yvv~QV|vv#svv=vv{|vv;cG}QG\vv,
h:%+RGJGyQjI+E*TAq+OGCTAD}Qhfp,GC+9g|#@t"+9J@(p+QGC+9g.

vvvvv*vvvtvvv(OhFvvv(O!vvvdvvv9eAvvvtvvv(b@vvvTvvv(*vvvuGC+vvv9g(:vvv9Q!vvvtvvv{GC+vvv9g)E]|vvvQGfvvv9I@vvvwvvv9y+r
GyvvqvvQYvv?Gyvv=vvO*vvzvv?yvvzvv}vv+vv9gVvv9|vvzvv?svv+vv}vvAvv%vv9pvv,cvv{

q
=vv+vvhLvv+vv9QGJG:SvvAvvgvv}vv9d.h$vvPG*vvWvvAvvQW

GCwvvv9pvvv5J6vvvOaFvvvgvvv{GSvvvAvvvMvvvOGeGC+vvv9gCvvvvDvvvQGsvvvAvvvZvvv9O*vvv?,h<vvv9yvvvAvvv9[GAvvvZvvv(dfvvv̂OLvvv{
E\9p,f=Q<+hGC+9gGC(p

q
QI.

vvvvv\vvQhQIhFvv(O!vvdvv9e:vv9QjAvvtvv(bGC+vv9g*vvtvvOeIvv(GpvvRCTvvAvvMvvO|vv,GC+vv9gOGLvvz+9
k

vvv}vv9*vv]vvh\vvQGFvv>(@vvwvv9y+rLvv9QFvv+vv?)fvv̂GSvvAvvMvvOGeGC+vv9g|vv#svv=vv{|vvTvvAvvDvv}vvQ9vv96vvOa
Lq^Gy]jbf^@O$(QGC(GQO.
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EfE!vvvvWvvvv9ACSvvvv(GbGC+vvvv9gPGJGAvvvvtvvvv(bGCzvvvvwvvvv+vvvv?GyvvvvAvvvvGvvvv9Q*vvvv?:*vvvvgvvvv"vvvv,E_vvvv;svvvv9
k

IvvvvQ*vvvv?
G}Svv(Gb<vv9CAvv9FvvQI<vv9C+vv9ghE!vv}vv9*vv}vvwvv#GC|SvvTvv9JGAvvwvv(|vv+vv?@vv"vvdvv+vv~EOGQICSvv(GbGC+vv9g
6vvOa>vv9*vv?GC+vv9g|vv#G6Cvv9QGyvv=vv+vv8vv+vv?GyvvTvvzvv=vv+vv?GyvvAvv,D*vvAvv~GyvvAvvMvvzvv[|vv"vv%vv9hvvvPyvvx>vv9*vv?
GCwvv9f|vv#G}CvvQGCAvv=vvtvv,GyvvDvv9yvvEG@vvRFvv,.|vv#Fvv%vv?CLvvQiKvv>Cf*vvwvv(fsvv9!vv(fIvvtvv(b
GC+vv9gGyvvAvvGvv9Q*vv?GCgvvO<vvTvv+vvavv9

k
hVvv9|vv;

k
h|vv(\vvJvv9

k
Svv}vv9J$vvPgGAvvtvv(bhIvv9:7vv9hvvv+vvqvv+vv?

@vvv"vvvdvvv+vvv}vvv%vvv9h@vvvTvvvGvvv+vvvzvvv%vvv9yvvvOiGyvvvOhyvvv?h|vvv#svvv=vvvzvvv%vvv9<vvv9 \vvv9pvvv?E];vvvO*vvvOCOhGQGAvvvwvvv(|vvv?
h|v|SvTv97v9hG}pvQGOGyvP*v#@vWv}vzv%v~fv}vz+?@v(R*vhGC+v9gh_vQbIv{

q
GCWvwv;JGyvAv,@vtvh

pvv+vv}vv9<vv+"vv%vv~hvvvPyvvxvvv+vvqvv+vv?:vv"vv>G6Cvv9QGyvv=vv+vv8vv+vv?GyvvTvvzvv=vv+vv?hG}CvvQGCAvv=vvtvv,GyvvDvv;Cvv,GyvvPjsvvO
*d%Q|#f}z+?GCA9FQI<9C+9g.

yvvvtvvvOh\vvvgvvvBGyvvvAvvvWvvv+vvv\|vvv"vvvPCvvvvDvvvQ|vvv#fvvvWvvvQ*vvv#fvvv9|vvv9
k
svvv9!vvv(!vvv9

k
Avvvtvvv(bGC+vvv9gGyvvvAvvvGvvv9Q*vvv?

<v"vGv9Mpv,|vgv9@v?GCWvwv;JGCgvQh\v?G6fpv,GyvOhdGyv"v9|v+v?hsvOCOi$vPGGyvtv9!v(fE]
;vvTvv_vvvqvv9AIGSvvAvvMvvOGeGC+vv9g|vv#Fvv%vv?hE]R*vv9OIE!vvAvv9Fvv+vv?G}QG\vv,GyvvRQGfvv+vv?|vv#Fvv%vv?
Cvvvv9!vvvv+?,<vvvvJvvvv+vvvvECfvvvvavvvvBGyvvvv(IvvvvOIGC9Fvvvv+vvvv?E!vvvvAvvvv9Fvvvv9

k
CvvvvvDvvvvQ|vvvv9COi<vvvv9CRGQfvvvv_E]@vvvv(cvvvv+vvvvr

GSvAvDv}v9QGJCvvDvQfv̂@vtv"v+v9JGC+v9gpv,|vRGQfv%v~GyvAv,svz
q
vZvB$vOQGC+v9g<vJv+vE@v~qEQhGA

|T9I9JE\9p+?|#G}QV|#GC9AGC(p
q
QCh@~q<+hGC9AGC(p

q
QE]G6LQ*#(37).

(2)EOGQI_z>GC+9gG@(p+?

@vvvAvvv}vvvDvvv{GCWvvvwvvvzvvv?G}Svvv9Svvv+vvv?pvvv,GC+vvv9gG@vvv(pvvv+vvv?pvvv,\vvvN
q

hSvvvJvvv>vvvv}vvv+vvv9J|vvv#GC+vvv9g
@vvqvv(bIvv9Fvv?|vv9yvvwvv,GC]vvMvv9JhPyvvx<vvTvv=vv>fvvOe@vv(pvvQGAvv(GpvvRyvv%vv~yvv]vv=vvbGyvvwvv}vv+vv9J
GCTvJv(<v?<v}vgvO:JSvz+}v?fv̂GCOiGyv=vgv+vO!vdvQG

k
}fGC9AGCAvJvQcpv,G6<v9QsvO*v]vN

Ch*vvTvvJvv>|vv#svv=vv{|vv9yvvwvv,G6<vv9QGCGvv9hQICh|vv#svv=vv{|vvTvvAvvDvv}vvQjGC+vv9g|vvTvvAvvtvv=vv;
k
.hpvv,

Sv=v+v{fvtvzv"v?fv}vz+?GyvAv(Svhpv,\vN
q

GC+v9gG@v(pv+v?*v}vwv#G@v=v9Y!vqvUG}OhGJGC(cvqv?pv,
EOGQI_vvvzvvv>GC+vvv9gGyvvvTvvvavvvJvvv+vvv?.<vvvWvvvwvvv{fvvv9e,*vvv}vvvwvvv#G@vvv=vvv9YG FvvvQGAGJGyvvvAvvv9y+? OGQI$vvvPG
Gyvvv"vvv(Y|vvv#GC+vvv9g:|vvvQGsvvv=vvv?vvvv}vvv+vvv9JGC+vvv9gGCTvvvJvvv(<vvv?,G}Svvvgvvv9QhGyvvvQSvvv(e,Ivvvtvvv(bGC+vvv9g
GyAG9Q*?.hp,|9*\@(\+Ky%PgG FQGAGJ:

(C)|QGs=?v}+9JGC+9gGCTJ(<?

@vWv}v{By+?|vQGsv=v?vv}v+v?GC+v9gGCTvJv(<v?|v#Gyv=v8vQvv;
k
|v#:Gyv=v8vQ,QLvZv?GC]vMv9J

GyvAv,@v|$v{GCRGQYChGCTvAvDv}vQIvuqG:!vAvqv9Y<v9yv=v8vQ,<vav9sv?|vgv+"?h<v]vNGAvZv?GCJvOOI

(37)Rosegrant and Schleyer, «Establishing Tradable Water Rights: Implementation of the

Mexican Water Law».
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|v#GC+v9gSv"v(*v9
k

,EFvQGAGJGSvAvMvQGLQLv[IvqvQG6<v9Q<v}v9*vAv;AehIvGv~hfvOOG6<v9Q
GCJq(QI<J(V|9F,|g_.

(H)G}Sg9QhGyQS(e

*vv}vvwvv#Cf@vvTvv9fvvOfvv}vvz+?pvvQVGyvvQSvv(efvv̂|

ovv;
q

cGC]vvMvv9J|vv#@vv"vvdvv+vv~|vvgvvO:J
Gyvv]vvN.pvv}vv#Gyvv"vv9Ivv+vv?G:svvAvvZvv9O*vv?Gyvv"vvdvvQ*vv?*vv}vvwvv#CSvvgvv9QGC+vv9gCf@vvWvv}vv{Gyvvtvv+vv}vv?GC=vv9VvvQI
yvvzvv}vv"vvAvvHGAvvOjyvvzvv}vv9AhGyvvAvvwvv9y+rGBvv9QFvv+vv?GCqvvQh\vv?fvv̂|vv;cGC]vvMvv9J<vvJvv+vvE@vvzvvRe
$vvv|:AGC;c<vvv]vvv=vvvbfvvv}vvvz+9JGyvvv]vvvN.vvvv}vvv9Ef

v
CSvvvgvvv9QGyvvvavvv9svvv?(vvvv%vvvQ<vvv9A|vvv9RhJ,...

EyvvN.)@vv|CvvQfvv̂Q<vvJvv+vv?Gyvv]vvNh<vv9yvvAvv9[Kvv>Eyvvjvv9A=vv+vvhGCTvv9fvvOGJGBvv9Yvv?<vv9yvvavv9svv?
6OaLq^v}+9JGC+9gG@(p+?GC]M(L?.

(L)It(b!t{GC+9gG@(p+?

vvvPyvvx@vvWvvGvvhGCgvvQpvv?Gyvvwvv9|vvzvv?<vvJvvtvv(b|vvzvvwvv+vv?GC+vv9gG@vv(pvv+vv?hGCAvv9FvvQI6vv9|vv#
\v=vbfv}vz+?\vN

q
$vPgGC+v9gEP@vgvav,CTvAvMvO|v,GC+v9gGAv9pvRCtv9Q!v?@vwv9y+rGyvqvQYv?

Gyvv=vvO*vvzvv?:SvvAvvMvvOG|vv9JC!vv(GYGC+vv9gG}LvvQi|vvhGSvvAvvMvvOGe$vvPgGC+vv9gG@vv(pvv+vv?|vvTvvAvvtvv=vv;
k
.

h|vvhG;vv9O|vv;c|vv]vvMvv9JGC+vv9ghG@vvqvv9svv%vv~fvv̂_vvQbGSvvAvvMvvQGLGC+vv9gh!vvtvvzvv%vv9h@vvtvv9Svv~
@vvwvv9y+qvv%vv9IvvTvv>IvvZvv?vvv{

q
|vv"vv%vv~*vv}vvwvv#Cf*vvTvv9fvvOfvv̂IvvqvveGC+vv9gG@vv(pvv+vv?hLvvqvv̂

@w9y+r\M%9.

(O)EOGQIGC+9gG@(p+?p,Gyg9DGy"9|,

yvvtvvO<vvQ$vv"vvBfvv}vvz+?GyvvAvvOLvv{GAvvwvv(|vv,pvv,EOGQIGC+vv9gG@vv(pvv+vv?pvv,Gyvvgvv9DGyvv"vv9|vv,fvv̂
hFv(OYvgv(<v9Jpv,G !vGv9Rh@vwv9y+r|vQ@vqvgv?hpvTv9O|vTvAv}vQ6v9<vgvwvU|vWv9Q*vhGyvAv"v}v+v?
GC9Fv+v?GBv9Yv?(<v(GSvav?G}!v9<v+>)GyvAv,G!vAvWvQJpv,<vgv̂GyvOhdG6Sv+v(*v?(<v"vjv;OT)
hG}pQ*t+?.

|vvv#Fvvv%vvv?CLvvvQiD@vvv"vvvGvvvKIvvv9h:JGyvvvgvvvO*vvvO|vvv#GyvvvOhdG6Svvv+vvv(*vvv?pvvv,EOGQIGC+vvv9g
G@v(pv+v?vv{!vOh!v+Tv+v9hGyvqv+vz+=v_GyvzvAv_ChFvO@v9!vdv}v9

k
yvzvJvZv(dfv̂QLv[IvqvQG6<v9QD

@vvzvvu!vvGvv9Ivv9
k
yvvzvvAvvavv=vv+vvupvv,GC"vv9_vvuGyvvQ*vvqvv+vv?.vvvPyvvxD@vvzvvu!vvGvv9Ivv9

k
svv(G!vv+#EYvvOGQQLvv[

IvvqvvQG6<vv9Qfvv̂|vvTvvAvv(iGyvv(:*vv9JGyvv%vv"vvO*vv?Ivv+vvE*vvtvv+vv~|vv9yvvwvv(GC(GQOGC9Fvv+vv?.hIvvAqvv)pvv,
GyvZv_GyvAv,ChFvOJ!vdv9|v9

k
Fv9OG

k
yvzvQLv[D@vwv#sv9OQIfv̂:v"v>\vN

q
GC9AGyvwv=v+vQpv,

S%z%9GyW}9[(38).

(38)Rosegrant, Ibid.
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p,\(A$PGGy(Gshy=g^GyOhdG6S+(*?hGy"9|+?*aQMS|Gd$9e|q9Og:

$vv{$vv"vv9cCSvv9y+>pvvgqvv9yvv?*vv}vvwvv#|vv#Lvv;yvv%vv9EOGQIGC(GQOGC9Fvv+vv?G@vv(pvv+vv?pvv,GyvvOhd
Gyvv"vv9|vv+vv?@vvtvvzvv[pvv,Gyvv(svvB!vvqvvTvv&|vv#G6Cvv9QGyvvTvvzvv=vv+vv?yvvgvv}vvz+?Gyvv]vvNGyvvRGFvvO|vv#OhfpvvQV
QS(ei+Q\QhQ*?f^\N

q
$PgGC+9g?

EfsvvvTvvv}vvv9
k

vvvv=vvv+vvvQG
k

|vvv#G Fvvv9<vvv?fvvv#GyvvvTvvv|GdGCPvvvv(Q*vvvzO|vvv#|vvv(QOivvv+vvvQ|vvv"vvv9Svvv>
(Fvv"vv(Hvvv9y+qvv(Q!vv+9pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?)Ivv+vvEG!vvAvvWvvQJCSvv9y+>fvv}vvz+?
h|vvAvvgvvOOIh:|vvQvvvR*vv?!vv9FvvJvv? OGQIGC+vv9gG@vv(pvv+vv?hEvvDvvzvvB<vv}vvTvv|hy+?GAvvwvv(|vv9JGCJvvz+?
h|vvTvvAvvMvvO|vv,GC+vv9gfvv#!vv]vv(H|vv(GQOGC+vv9gG@vv(pvv+vv?hGyvvAvvO$vv(QGyvv=vv+vv8vv,.h@vv]vv}vv"vvB<vvQG|vvH
EOGQIGC+vvv9gG@vvv(pvvv+vvv?fvvv}vvvz+?GyvvvAvvvMvvvzvvv[|vvv#Gyvvv]vvvNGyvvvRGFvvvOyvvvzvvv}vvv+vvv9ghIvvvGvvvRGC+vvv9gGyvvvTvvvavvvJvvv+vvv?
hGSA+QGOGC+9gy~I(GVhhsrBC9QGC+9gGC9A?(39).

h*vvvgvvvAvvv=vvvQ<vvvQ!vvv9|vvvHEOGQIGC+vvv9g|vvvQvvvvRGyvvv%vvv+vvvwvvv{GAvvvwvvv(|vvv,GyvvvPj*vvvTvvvAvvvMvvvOeh*vvv(cvvvr
G}OhGJGCWvvQhIvv?pvv,G}Ivv(GVGCMvvAvvzvvqvv?y+|CvvQfvv̂_vvzvv>GC9AVvv9|vv;

k
IvvZvv[Gyvv]vvN

(GC=vv"vv+vv?fvv9OIfvv̂G:SvvAvvgvv}vv9dGyvvAvv9QMvv,)hQSvv(eGyvv]vvNhIvvtvv(bGyvv"vvtvv{yvvzvv}vv+vv9gG@vv(pvv+vv?.
$vvPgGyvv=vvQG|vvH OGQIGC+vv9gG@vv(pvv+vv?hGyvvAvv"vvdvv+vv~GAvvwvv(|vv,yvv%vv9pvv,Fvv"vv(Hvvv9y+qvv(Q!vv+9GyvvAvv,
Ccvv%vvQJ!vvGvv9Ivv9

k
|vvzvvJvv(cvv9

k
*vv}vvwvv#!vvtvvzvv%vv9E]GyvvOhdGyvv"vv9|vv+vv?yvv~LvvP6vv9,h*vvAvv}vvDvv{|vvqvvAvv9M

Gy"G9Mp,$PGGyA"d+~<96O:

vvvvv*"d~f}z+?G:SAq9OI|#GC+9gG@(p+?@}+hGCTAMO|_.

vvvvv*gO|T|h:
k

f#GA9:JGB9Y?.

vvvvvf}z&hpu<+9!9Jh|gz(|9J|A(pQIhCS9S+?.

vvvvv*g9yHGCW9v{Gy=+8+?.

(3)GBZMZ?h|T9G?GCTAq+O*#|#|+9gGyQj

$v"v9cCGv+v?Lv9Yv?CTvAvMvO|v,GC+v9gpv,EOGQI|v+v9gGyvQj,yvPyvx|v#G}Gv+v?<v}vwv9f
@v]v}v_GCRGQfv_pv,EOGQIh@v"v}v+v?C!vdv}v?GyvQjGyvwv=v+vQIhPyvx|v#<vOG*v?fv}vz+?GyvAvMvav+vb
h@vvZvv}vv+vv~GCWvvQhYhIvvAqvv)@vv"vvqvv+vvPg,vvv}vv9Ef

v
GCTvv9Gvv?GC9y+?yvvzvv}vv"vvAvvqvvgvv_|vvTvvAvvtvv=vv;

k
pvv,fvv}vvz+?

GSAD}9QGy="+?GyAJA+?|q+OIC*]9
k
.

(39)William Blomquist, «Institutions for Managing Groundwater Basins in Southern

California,» in: Ariel Dinar and Edna T. Loehman, eds.,Water Quantity/Quality Management and Conflict

Resolution: Institutions, Processes, and Economic Analysis (Westport, CT: Praeger Publications, 1995).
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Ef@vqv(*v̂|v|SvTv9JCh|v"vdv}v9J|vTvAvMvO|v,|v+v9gGyvQjpv,GyvOhdGyv"v9|v+v?fv}vz+?
E!vvWvv9AGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?hEOGQIGC+vv9gCqvv+vvOIpvv,Gyvv(svvBGAvv9[fvvzvv}vv9

k
<vvz8vv9pvvWvvzvvBpvv,GC9\vv,

<vTv=v>Gyvgv+v(HGyvAv,QGpvtvBGyv=v"v+v?GyvAvQvv+v=v+v?GyvOGLvz+?yv%v9hGSvAv}vQGQ*v?|v"vdv}v9JGSvAvMvOGe
GC+v9gpv,EOGQIC!vdv}v?GyvQj.yvtvOh\qvJvBGCQGFvgv?GAvO*vDv?yv%vPgGC"vdv}v9J(G@v}vgv+v9J)
<vgv̂GBvZv9Fv[GCTv9fvOI,vv}v9*v=vOh,<v"vGv9M$vPgGC"vdv}v9JLv9Yv?EPG<v"v+vB<vQCSv}v9d
GFvAv}v9fv,|v"v9Sv>Ch<vAvgv9hfSvz+~<v+#GCTv9Gv_,Lv9Yv?EPGvv9fGCTv9Gv(f|vAvGv9!vTv_
pv,GBvzvqv+v?GyvDvtv9pv+v?hG}Yv(dGC9O*v?.hKv>fv̂|vDv{$vPgGC"vdv}v9JGyv=vQ$v"v?fv̂svOQ7v9
pvvv,;vvvTvvv_fvvv}vvvz+?|vvvQGsvvv=vvv?GC+vvv9ghpvvv,R*vvv9OIQ<vvvJvvv+vvv?GCRGQYh<vvv9yvvvAvvv9[GyvvvAvvvzvvvv+vvvOfvvv̂fvvv(GFvvvO
GCTv9Gv?pv,GC"vdv}v?Cvv=vQ|v#@vwv9y+qv%v9.yvPyvx@vgvAv=vQSv+v9Sv?@vz|v_GC+v9gh>v9*v?Gyv=v+v8v?GyvAv,
@vWv}v{EfvOGOh\v}v9fIvtv(bGC+v9gh@v"vdv+v~h\v=vbG}CvQGyvDv9yvEyvzvQjh\v}v9ffv}vz+9J
GyAOQ*>Gyq",hGyA"d+},hG |OGO$,G}!T>.

(4)EY;MGy"d~GC9F+?GA]Q*?

@vgvAv=vQGC"v9_vuGAv]vQ*v?|vZvOQG
k

$v9|v9
k
yvAv(pv+vQGC+v9gIv+vE*vtv+v~pv+v%v9CvvDvQ|v#20pv,

GC8vv?|vv#Svvwvv9fGyvvgvv9Dhfvv̂VvvQ*vvavv&GyvvTvv9Ivv\.$vvPGh@vvQVvvK|vvgvvdvv~GC+vv9gGCTvvAvvMvvO|vv?pvv,
GC"vvv9_vvvuGAvvv]vvvQ*vvv?|vvv=vvv9VvvvQIE]Svvv=vvvMvvv9JGCJvvv+vvvavvv9J|vvv#OhfG:SvvvAvvvqvvv9OICvvv9!vvv+?|vvv#GC9A
GCQ@vvvWvvvK,h<vvv9yvvvAvvv9[*vvvAvvvQFvvv~vvvv{|vvv#!vvvtvvv[G:SvvvAvvv%vvv;cG}Svvv9Svvv,hGyvvv"vvvtvvv[pvvv,Gyvvv]vvv+vvv9Y
Gyvvv"vvv9@vvvHfvvv#!vvvdvvv9eGyvvvAvvv(R*vvvh|vvv=vvv9VvvvQIE]hpvvv(QGJ|vvv9Fvvv+vvv?pvvv+vvvR*vvv9Fvvv+vvv?Ivvvtvvv+vvvtvvv+vvv?(40).C|vvv9GCOf
GyvOGLvz+?pv,GyvOhdGyv"v9|v+v?pv}vgvdv}v%v9:*vTvAvqv+vOCv9!v+?|v#|v9AGyvZvQayvjv+v9HE|vwv9!v+9J
h@vvvTvvv%vvv+vvv;J|vvvgvvv9@vvv?$vvvPgGC+vvv9g,vvvv}vvv9Ef

v
Efvvv9OIGSvvvAvvvMvvvOGe$vvvPgGC+vvv9g|vvv#Ohf|vvvgvvv9@vvv?

YvJv+vJv?*vtv(OE]vvDv+vQ|v#G}Lvav9QG@vTv}v+v?hGyvZvJv+v?.pv,$vPgGyvdvQha*v}vDv{vv{|v#
@tz[G:SA%;chGyqtOCC"9AGy"t{hp(QGJ|9F+?It+t+?C*]9

k(41).

yvvtvvOsvvO
q

QCLvvZvv9Fvv+vv(Gyvv=vv"vvxGyvvOh[|vvgvvOdGC9Aivv+vvQGCJvvTvv(H(GCTvvAvvMvvOepvvgvv;
k
)pvv,

|vvvWvvv9Q*vvvhGC+vvv9gGAvvv]vvvQ*vvv?36pvvv,GC8vvv?pvvv,Ivvv_*vvvQ@vvvqvvvh$vvvPGGCgvvvOdpvvv,|vvvOfvvvv9yvvvtvvv9$vvvQI
hFvvv9vvvv9Q@vvv9hy+}vvv9h|vvvwvvvTvvv+vvvwvvv(Svvv+vvvAvvv,yvvvvvvv60pvvv,GC8vvv?<vvv9Ctvvv9Q!vvv?|vvvh10vvvvv15pvvv,GC8vvv?pvvv,
G}!vvvdvvv}vvv?GC9Fvvv+vvv?Fvvv+vvvOIG OGQI.h<vvv9yvvvQivvv~|vvv#Cf<vvvgvvv̂$vvvPgGC+vvv9givvv+vvvQGCJvvvTvvv(<vvv?ivvv+vvvQ

(40)D. Seckler, The New Era of Water Resource Management - From «Dry» to «Wet» Water

Savings, Research Report; no. 1 (Colombo, Sri Lanka: International Irrigation Management Institute,

1996).

(41)M. Ebarvia, «Water Supply and Demand Conditions in Metro Manila,» (Mimeo,

University of the Philippines, Quezon City, Metro Manila, 1995).
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|vvTvvGvvzvv?yvvOiGC"vvdvv}vv9JGAvvwvv(|vv+vv?ChyvvOiGSvvAvvgvv}vv9:JGyvvTvvzvvavv9Jivv+vvQGCMvvAvvZvv?E:Cf
|vvgvvdvv}vv%vv9|vvqvvtvv(Opvv,GyvvAvvQHhGyvvTvv=vvMvv9J.pvvgvv̂Svv=vv+vv{GCDvv9dpvv,|vvO*vv"vv?Fvv9vvv9Q@vv9svvOQGC9A
GCqvtv(Opv,GCGv9Qj<vvv41pv,GC8v?|v#GyvgvQVGyvwv\vv}v9svOQC*v]v9

k
<vz!v&*v}vwv#GyvAvMvzv[

|#!Zr@w9y+rGyw}+9JGCqt(OI(42).

h*vgv(OG !vGv9RGyv]vgv+vrpv,C!vdv}v?GC+v9gGAv]vQ*v?<vGvRFv%v9GCgv"v(jE]GyvTv+v9Sv9J
GC%vvvvAvvvvRI,pvvvvgvvvv"vvvvO|vvvv9*vvvv}vvvvwvvvv#GAvvvvZvvvv(dfvvvv̂GC9AG \vvvv9pvvvv,<vvvvAvvvvwvvvv9y+r|vvvv"vvvvMvvvvqvvvv]vvvv?(!vvvvAvvvv+vvvvGvvvv?
GCTvvv9fvvvOGJGC9y+?)pvvv%vvv"vvv9cIvvv(GpvvvRsvvvz+zvvv?yvvvAvvvJvvvTvvv_Gyvvvwvvvqvvv9AIG:svvvAvvvZvvv9O*vvv?(G:SvvvAvvvDvvv}vvv9Qpvvv,
G}!vv9<vv+>ChGyvvgvvOGOGJ)ChGyvvwvvqvv9AIG:svvAvvZvv9O*vv?.yvvtvvOh\vvJvvBGyvv=vvQG$vv_Cf<vv9SvvAvvMvvOGe
GAv(GpvRvvzOhGJpv,GyvTv+v9Sv?Gyvgv9|v?yvzv}v+v9g*v}vwv#@v(pv+vQvv}v+v9JFv+vOI|v#GC+v9gh;vTv_
LvvvO|vvv9JGyvvv"vvvtvvv{hGyvvvAvvvTvvv(*vvvuGC9Fvvv,hGSvvvAvvvgvvv}vvv9:JGC+vvv9gGC"vvvRy+?hGyvvvZvvv"vvv9fvvv+vvv?.hpvvv,|vvv9*vvv\
@(\+J9Jf9|?f#GCG9:JGCPv(QI:

(C)LO|9JGC+9gp,GC"9_uGA]Q*?

yvvtvvOVvvGvvgvvBfvv}vvz+?LvvZvvMvvZvv?GC+vv9gh\vv}vv9fIvvtvv(bGC+vv9gpvv,GC"vv9_vvuGAvv]vvQ*vv?
pvvv,Ohyvvv?GyvvvAvvvWvvv+vvv\<vvv(GSvvvavvv?VvvvQvvvv9JGC+vvv9gGAvvv]vvvQ*vvv?hCSvvv(GbGC+vvv9gGyvvv"vvvWvvvavvv?fvvv̂<vvv"vvv9A
h;vTv_|vWv9Q*vhGCgv9@v?GyvAv,CLvPJfv̂fv9@vtv%v9<v+hGC9Ayv;SvAvgv}v9dGAv]vQj.vv}v9
RGOJpvvgvv9y+?LvvO|vv9JGC+vv9gGAvv]vvQ*vv?h|vv+vv9gGCGvv9Qj|vv#OhfC*vv?BCvv9Qfvv̂G}Svvgvv9Q.
h@vvgvvAvv=vvQVvvQvvv9JGC+vv9gGAvv]vvQ*vv?CvvvDvvQvvvqvv9AI}8vv9:@vvTvvAvvavv+vvhGAvvZvv(dfvv̂GC+vv9gHvv9!vv9

k

|vvvv#GyvvvvOhyvvvv?hfvvvv=vvvvQ!vvvvRYGCzvvvvwvvvv+vvvv?|vvvv#GCRGQfvvvv_.hfvvvv"vvvvO|vvvv9*vvvv}vvvvwvvvv#GAvvvvZvvvv(dfvvvv̂GC9A
G \vvv9pvvv,Hvvv9!vvv9

k
pvvv;@vvv(FvvvOIvvv9Fvvv?yvvvAvvvJvvvTvvv_Cj|vvv#Gyvvvqvvvgvvv9y+?Gyvvvqvvv+vvvR*vvv9Fvvv+vvv?ChGyvvvqvvvgvvv9y+?

G:svAvZv9O*v?.yvtvOGQ@vqvgvB!vTv=v?GC9AGCjvav)|v#63pv,GC8v?E]99pv,GC8v?yvzvTvwv9f
pvvv,GC"vvv9_vvvuGAvvv]vvvQ*vvv?h|vvv#27pvvv,GC8vvv?E]94pvvv,GC8vvv?pvvv,GC"vvv9_vvvuGyvvvQ*vvvqvvv+vvv?svvv=vvv{
f}z+9JG Y;M(43).

(H)G:SA%;cGC"R[

*v}vwv#IvGv~GC+v9gGAv]vQ*v?GCTvAvMvO|v?Cf*vAvzCvQvvDv+vQG
k

hOQG|v9@v+wv+v9
k

pv,Iv9yv?Qpvh
GCTvvv9fvvvOGJhG fvvv9!vvv9JGC9y+?fvvv̂GSvvvAvvvgvvv}vvv9dGC+vvv9g.pvvvtvvvOCOJR*vvv9OI@vvvgvvvQpvvv?1e3pvvv,
E!vvOh!vv+Tvv+vv9|vv#0,15Oh:QE]0,42Oh:QE]Lvvqvv̂Gyvvavvzvv>fvv̂GSvvAvv%vv;cGC+vv9g

(42)R. Bhatia and Falkenmark, «Water Resource Policies and the Urban Poor: Innovative

Approaches and Policy Imperatives».

(43)Rosegrant and Schleyer, «Establishing Tradable Water Rights: Implementation of the

Mexican Water Law».
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GC"vRy+?<vvv30pv,GC8v?.hsvO@vwv(fOQFv?GyvAvTvgv+vQ$vPg_v=v+vgv+v?yvzvavzv>GC"vR[fv̂GC+v9g
pvv,=vv+vvhGyvvOhdGyvv"vv9|vv+vv?Qivv~fvvOehFvv(OGyvv=vvQG$vv_GyvvQsvv}vv+vv?.yvvtvvO<vv+#;vvz+{fvvzvv}vv,
yvOQFv?vv=v+vQI|v#GyvDvtv?pv,GyvOhdGCAvav(QI|vOi|vQvvR*v?|vQh!v?G}Svgv9Qyvzvavzv>GC"vR[
fv̂GC+v9gh$v(<vJvOhO0,3vvvvv0,7.<v9yv"vTv=v?E]GyvOhdGyv"v9|v+v?,$v"v9cOQGSv9JIvOhOI
Ivvv(d|vvvQh!vvv?G}Svvvgvvv9Qyvvvzvvvavvvzvvv>GC"vvvR[fvvv̂GC+vvv9ghPyvvvxyvvvwvvv(fQSvvv(eGC+vvv9g|vvv"vvvMvvvqvvv]vvv?
<vWvwv{fv9ehyvwv(f@vjv+vQGJGyvTvgvQiv+vQ|vgv"v(*v?hyvjv+v9HfvOGOGJGC+v9g.h|vhPyvxpvtvO
svvOQJ|vvQh!vv9JGyvvTvvgvvQyvvavvzvv>GC+vv9gpvv,GC"vv9_vvuGAvv]vvQ*vv?pvv,Gyvv=vvQGR*vv{hGCwvvTvv+vvx<vv+#

0,60vvvvv0,38(44).

(L)GSAMOGeGC+9gp,GyZ"9f?

h\vvJvvBLvv=vvQGJvvv{
q

|vv#Gy+9<vv9fhGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?<vvzfR*vv9OICSvvgvv9Q
GC+vvv9ghGyvvvQSvvv(eGCAvvvRG*vvvOIhEFvvvQGAGJ>vvv9*vvv?Gyvvv=vvv+vvv8vvv?hGyvvvAvvvzvvv(KPGJ@vvvzCvvv+vvvQpvvv,@vvv(pvvv+vvvQGC+vvv9g
GCTvvvAvvvMvvvO|vvv?pvvv,GyvvvZvvv"vvv9fvvv?fvvv#_vvvQ*vvvu@vvv(cvvv+vvvrG:SvvvAvvvDvvv}vvv9QGJpvvv,Efvvv9OIGyvvvOhQIGC9Fvvv+vvv?
h@vvtvv"vv+vv9JIvvqvvehYvv+vv9!vv?GC+vv9g.yvvtvvOCOJR*vv9OIGyvvAvvgvvQ*vvqvv9JGC9Fvv+vv?E]Lvvqvv̂vvv}vv+vv9JGC+vv9g
GCTvAvMvO|v?pv,|vgv9|v{@vZv"v+vhG}Sv}vOIpv,|vO*v"v?i

o
v(G(Goa)<v9yv%v"vOE]50pv,GC8v?fv=vQ

SvvvBSvvv"vvv(GJ|vvvAvvvAvvv9y+?.vvvvPyvvvxGAvvv9dpvvv,Svvv9f<vvv9hyvvv(<vvv9yvvv=vvvQGR*vvv{svvvzvvvZvvvBCvvv;Cvvv?|vvvgvvv9|vvv{
GSvvAvv%vv;vvv%vv9yvvzvv}vv+vv9g<vv+#40vvvvv60pvv,GC8vv?!vvAvv+vvGvv?h\vvhGyvvQSvv(eGCAvvRG*vvOIfvv̂GC+vv9g.$vvPg
GyvvAvvJvvTvv+"9JGyvvOQG|vv9@vv+wvv+vv?C!vvGvvRJfvv=vvQEYvvOGQ@vvQGLvv+vv[GC+vv9gGCJvvOOIhEOLvv9d@vvtvv"vv+vv9J
@(p+QGC+9ghGCT9fOGJGC9y+?G:SAD}9Q*?p,f}z+9J@(p+QGC+9g(45).

(5)IqeGC+9g<9yAt"+9JGC;F}?

EPGsvvO
q
|vvBEOGQI_vvzvv>GC+vv9gGCJvvTvv"vv?GAvv(GpvvRAvvqvveGC+vv9gpvv}vv#Gyvv]vvQhQjCf@vvgvvAvv=vvQ

GyvvAvvtvv"vv+vv?GC;Fvv}vv?CSvv9Svv+vv?pvv,@vv(pvv+vvQGC+vv9g.h!vvdvvQG
k
yvvzvvR*vv9OIGCTvvAvv}vvQIpvv,svv+vv}vv?GC+vv9gpvvAvvROGO

CGvv+vv?GSvvAvvMvvOGeGyvvAvvtvv"vv+vv9JGC9Fvv+vv?GCAvvtvvO|vv?vvv9yvvQj<vv9yvvAvv"vvtvv+vvbhG}!vv9<vv+>Gyvv=vv;SvvAvv+vvwvv+vv?PGJ
Gyvvwvvzvvqvv?GC"vvMvvqvv]vv?hGyvvQj<vv9yvvQPGPhC!vvdvv}vv?GyvvAvvJvvwvv~Gyvvwvv}vv=vv+vv(@vvQ*vv?GCTvvAvvMvvO|vv?Ivv9y+9

k
pvv,

GyvvOhdGCAvvavv(QIhSvv(a@vvgvvavv,!vvAvv9FvvHhGfvvOI<vv9yvv"vvTvv=vv?E]GyvvOhdGyvv"vv9|vv+vv?.hEfCj@vvtvv+vv+vv~
6Cv9Q$vPgGyvAvtv"v+v9JKv>Cf*vzLvPpv,IvTv9<v&GyvqvQb<v+#G:SvAvMvOGeG:SvAv%v;vv,yvzv}v+v9g
hGyAa=+t9JGC9F+?GCTJ(<?.

(44)C. Gomez, «Experiences in Predicting Willingness-to-pay on Water Projects in Latin

America,» paper presented at: The Meeting Resource Mobilization for Drinking Water and Sanitation

in Developing Nations, San Juan, Puerto Rico, May 26-29, 1987.

(45)GCZOQ!qT&.
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h*vv}vvwvv#=vv+vvhGyvvAvvtvv"vv+vv9JGCAvvavv(QIGCPvvv(QILvvqvv̂vvv}vv+vv?GC+vv9gGCTvvAvvMvvO|vv?pvv,GAvvtvv{
hyvvvwvvv#E]!vvvtvvvavvv?(IvvvOq)@vvvzLvvvPfvvv"vvvO$vvv9GC+vvv9gGC(p

q
vvvQI(GCMvvvR!vvv?)<vvv9 svvv;d|vvv#vvvv}vvv+vvv?GC+vvv9g

GC"vZvQpv?GC}vwv#GSvAvMvOG|v%v9Cv9!v+?<vJv+vE@vwv(fvv}v+v?GC+v9gGC(p
q
vQIpvgvz+9

k
Csv{|v#Gyvgv(GFvO

Gyvvdvv9$vvQ*vv?.h<vv9yvvQivv~|vv#Pyvvxpvv{PGvvv9!vvBsvv+vv}vv?GC+vv9gGyvv"vv9OQI|vvQ@vvqvvgvv?<vvWvvwvv{vvv9apvv{f
GSvAvMvOGeGyvAvtv"v+v9JGC9Fv+v?GAvO*vDv?*vtvOeGyvqv(GFvOGAvtv+vtv+v?hG:svAvZv9O*v?ypvw

o
v{
q

|v#<vR*v#GC+v9g
hyzq;I_f^GyT(GA.

|v#Fv%v?Cv9!v+?@vtvhpvgv9y+9JGyvAvav=v+vuGAvtv\yvzvQj<v9yvjv}vQpv,GyvOhdGyv"v9|v+v?<vWvwv{
@vvzvvtvv9Fvv,<vv+#40vvvvv60pvv,GC8vv?.hvvv}vv9$vv(|vvgvvQha*vv}vvwvv#GCQVvv9JGCQ@vvqvvgvv?Gyvv]vvjvvbCf
@vv(pvvQ|vv#pvvtvvOGf|vv+vv9gGyvvZvvQaE:C8vv9:@vvTvvAvvavv+vvhCf<vvqvv̂G:SvvAvvMvvOGeG:SvvAvv%vv;vvv,
<vTv=v>GyvqvtvOGyvwv=v+vQGyv"v9@vHfv#GyvAv=vMvQ.hfv̂vv{

q
Iv9d*v}vwv#GCQVv9JGC"vMvqv]v?Gyv]vjvb

GC"vJvOQIG sv;d|v#fv}vz+?GyvAv=vMvQE]IvOqvv=v+vQ(46).vv}v9*vTvAvav+vhGyvQjGyvAvOpvtv,Lvqv̂
GSvAvgv}v9:JGC+v9ghPyvxpv,fv}vz+?GyvAv"v9hH<v+#GyvZvqv(a(GBvav(W)pv,pvAvQGJpv9Yvzv?
hIvvOOI(fvv(\vv9

k
fvv#E_vv;bGC+vv9g<vvWvvwvv{|vvTvvAvv}vvQpvv,svv"vv(GJGAvvtvv{).|vv#Fvv%vv?Cvv9yvvDvv?,

@vvtvvO
q

e_vvQbGyvvQj<vv9yvvAvv"vvtvv+vvb(GyvvAvvtvvavv+vvQ)Gyvvqvv(GFvvOG}vvvDvvQsvv+vv}vv?pvv,@vv(pvv+vvQGC+vv9gGyvvqvvgvv\Ivv+vvE
@vv(Fvv&GC+vv9g|vv=vv9VvvQIE]|vv"vv9_vvuG@vvPhQyvvzvv"vv=vv9@vv9Jh<vv9yvvAvv9[<vvqvv̂vvv}vv+vv?GC+vv9gGCAvv=vvMvvQI|vv#
GAvvtvv{vvv}vv9E8vv9@vvR*vvO|vv#GC9AGC(p

q
vvQpvv,G}QG\vv,GCAvv}vvzvvJvv?IvvO*vvDvv9

k
.$vvPgGyvvAvvtvv"vv+vv9JGC9Fvv+vv?

GSvvAvvMvvO|vvBpvv,GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?Lvv;dGyvvgvvtvv(OGC9\vv+vv?<vv"vvGvv9MSvv(GApvv,Gyvvtvv9QI
G}pvQ*vtv+v?ChG6Sv+v(*v?hpv,<vgv̂Ohd|v"vavtv?GyvWvQbG}hSvb,*vROGOGyvavzv>fvz+%v9|v#
s={GCRGQf_*(|9

k
<gO*(e<T=>GyR*9OIGCTA}QIyt+}?GC+9g.

(6)_z=9JGy=+8?GC9F+?

yvvtvvO!vv(svvWvvBChFvv&fvvO*vvOIAvv}vv9*vv?Gyvv=vv+vv8vv?h;vvTvv_svv+vv}vv?GC+vv9g|vv#svv=vv{G}LvvZvv9Fvv+vv_
Lvv;dGyvvqvvAvvQGJGyvvTvv9<vvtvv?.hvvv}vv9QC*vv"vv9*vv}vvwvv#COhGJEOGQI_vvzvv>GC+vv9g(vvv9}_vvQGC|SvvTvv+vv?
hGyvvWvvQfvv+vv?GC"vv9Svv=vv?hGyvvTvv+vv9Svv?GC"vvdvv}vv?hSvv+vv9Svv?GAvv(GpvvR)Cf@vvgvvRRGyvv=vv+vv8vv?GCTvvAvvOG|vv?h@vvgvvRR
!vvv(fvvv+vvv?GC+vvv9gfvvv=vvvQEfvvv9OIOhQIGC+vvv9ghGyvvvAvvvMvvvqvvv+vvvr|vvv#GSvvvAvvvMvvvOGeGC+vvv9gpvvv,GC"vvv9_vvvuGCzvvvJvvv+vvv?
h@vvvtvvvz+[SvvvJvvv>GC+vvv9gG@vvv(pvvv+vvv?.hKvvv>|vvv;Ivvvdvvv?\vvvQhQI@vvvwvvv9|vvv{vvvv{

q
|vvv#GSvvvAvvvQG@vvv+Gvvv+vvv?

GC(GQOGC9Fvvv+vvv?hC$vvvOGapvvvgvvv9y+?GSvvvAvvvMvvvOGeGC+vvv9ghGyvvv=vvv+vvv8vvv?GCTvvvAvvvOG|vvv?pvvv,$vvvPGGBvvvZvvv(U.
h<vwvzv}v9JCLvQi,vvzv}v9@vav(QJGyv=vzvOGfhRGOJOLv(dSvwv98v9RGOJGyvavzv=v9JGyv=v+v8v+v?
yvvzvv}vv+vv9ghRGOGyvvAvv"vv9pvvUfvv̂GC+vv9g}$vvOGaG !vvAvv9LGC=vv9VvvQpvv,GyvvRQGfvv?h<vv+#G:SvvAvv%vv;vvv9J

(46)Seckler, The New Era of Water Resource Management - From «Dry» to «Wet» Water Savings.
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GC"vvRy+?hGyvvZvv"vv9fvv+vv?pvv,GC"vv9_vvuGAvv]vvQ*vv?.hsvvO@vv=vvzvv(Q$vvPGGyvvAvv"vv9pvvUpvv,GyvvwvvDvv+vvQ|vv#GyvvOhd
GCAvvavv(QI,pvvqvv,vvv9y+qvv(Q!vv+9<vv9yvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?h<vv+#fvv9|vv,1960h1990
GQ@vqvhGSvAvgv}v9dGC+v9gpv,GC"v9_vuGAv]vQ*v?|v#2,5E]7,4vv~3vv}v9RGOGSvAvgv}v9dGC+v9g
pvvv,GyvvvRQGfvvv?|vvv#24,7E]29,6vvvv~3pvvv,Ivvv_RGOJvvvv}vvv+vvv?GC+vvv9gG@vvv9Q*vvv?Gyvvvavvv=vvv+vvvgvvv+vvv?
}$vvOGa<vv+8vv+vv?|vv#1,2E]29,6vvv~3Ch28pvv,GC8vv?|vv#Hvv}vv{fvvQVGC+vv9g.h!vvAvv+vvGvv?
yvR*v9OIGyvOLv(dpv,GyvOhdGyv"v9|v+v?|v#GCAv(svhCf*vROGOGyvavzv>fv̂GyvTvzvhGyv=v+v8v+v?<v}v9pv+v%v9
Gyvvavvzvv>fvv̂GSvvAvvMvvOGeGC+vv9g}$vvOGa<vv+8vv+vv?<vv9 \vv9pvv?E]GyvvAvvgvv9|vv{|vvhGyvv"vv(G@vvHGyvv=vv+vv8vv+vv?GyvvAvv,
SvAvdv%vQ!vAv+vGv?GyvAv(Svhpv,G:SvAvMvOG|v9JGAv]vQ*v?hGyvRQGfv+v?yvzv}v+v9g.yvPyvx$v"v9cIv9Fv?
|vv9Svv?yvvzvv}vv(GA|vv?<vv+#Gyvvavvzvv>Gyvv=vv+vv8vv,yvvzvv}vv+vv9g|vvhGyvvavvzvv=vv9JGAvv]vvQ*vv?hGyvvZvv"vv9fvv+vv?yvv%vv9hPyvvx
|vv#Lvv;dGyvvAvvZvv}vv+vv~GyvvTvvz+~yvvTvv+vv9Svv9J>vv9*vv?Gyvv=vv+vv8vv?GyvvAvv,ivv9yvv=vv9

k
|vv9@vvAvv(svvrfvv̂GyvvtvvQGQGJ

GyT+9S+?yzOhd(47).

C9!+9
k

:GC+9gp,Gy(_#GygQN

@vvvgvvvAvvv=vvvQGC+vvv9gpvvv,Gyvvvgvvvtvvv(OGyvvvtvvv9O|vvv?|vvv#C$vvv~GCWvvvwvvv;JGyvvvTvvv+vvv9Svvv+vvv?hG:svvvAvvvZvvv9O*vvv?
hG:FvAv}v9fv+v?GyvAv,@v(GFv&iv9yv=v+v?GyvOhdGyvgvQ<v+?CSv(I<v9yvwvDv+vQ|v#GyvOhdGyv"v9|v+v?G}LvQi
hSvv(a@vvqvv(bGC+vv9gCGvv+vv?Gyvvavv9svv?pvv,GyvvtvvQfGyvvtvv9Oe.hsvvOfvvRR$vvPGGyvvQCjGC|EvvQGyvvOh[
yvzv}v+v9ghGyv=v+v8v?GC"vgvtvOpv,O<vzv#fv9e1992pv,<v+9!v&GBvAv9|v,Iv(dGyv(\vhGC9Fv,Gyvgv9C,
hGyvvtvv9Fvv{:<vvzf$vvPGGyvv(\vvhSvv+"Avvtvv{|vv#Ivv9yvv?Gyvv(pvvQIE]Ivv9yvv?Gyvv"vvOQIhLvv9Yvv?pvv,GC+vv9g
GyvvvgvvvP<vvv?.h*vvvgvvv9PGyvvv(_vvv#GyvvvgvvvQNhOhdGyvvvTvvv9Ivvv{G}pvvvQ*vvvtvvv,!vvvtvvv[GC+vvv9gGyvvvPjSvvv+vvvROGO
<v9SvAv}vQGQ|vh@vRG*vOGyvTvwv9f,|v9*vtv(OE]GLvAv;dhG\vKpv,|vgv9Oyv?fvQVh_vzv>GC+v9g
GyvvvPjSvvv+"gvvvwvvvUpvvv,cvvv%vvv(QG}R|vvv9JGC9Fvvv+vvv?vvvv(fOhdGC"vvv=vvvh@vvvQvvvvRIvvv9y+9

k
fvvv̂@vvvavvv(*vvvQ

GyvvRQGfvv?pvv+vv%vv9C(Gvvv=vv?!vv}vv(GyvvTvvwvv9fyvvO9vv9hPyvvxfvv̂IvvTvv9HGyvvOhdGCAvvWvv9_vv8vv?G}LvvQi
hOhdGCZ>.

yvtvO!vGv~fv#GyvAv(SvhGAv]vQjpv,Gyvgvtv(OGC9\v+v?|vWvwv;J!v(fv+v?hvv}v+v?CWvwvzv?
@vvvRG*vvvOSvvvwvvv9fGCOf<vvvWvvvwvvv{vvvv=vvv+vvvQhLvvv9Yvvv?Gyvvv(Gsvvvgvvv?|vvv"vvv%vvv9fvvv̂\vvvqvvv9aG}8vvv9QGyvvvwvvv=vvv+vvvQI
vv9yvtv9$vQI,hGsvAvQ!vB<v}vWvwvzv?GyvAvzv(K!vAv+vGv?GLvAv;W|v+v9gGyvZvQaGyvZvJv,<v}v+v9gGyvWvQH
hGyvvZvv"vv9fvv?.C|vv9GCOfGyvv(Gsvvgvv?pvv,GyvvOGLvv{vvvO|vvWvvuhGfvvAvv}vv9O$vv9fvv̂GC+vv9gG@vv(pvv+vv?pvvTvv(a
@v(GFv&|vWvwv;J|v9Fv+v?|vR|v"v?!v(fv+v?hvv}v+v?,h@vAv}vDv{$vPgGCWvwv;J<v9SvAv"vRGaGCMvRhf
GC9Fvv,(pvv,Ivv9yvv?@vv(pvvQg).hpvv,GC"vv9_vvuGyvvTvv9Ivvz+?@vvAvv=vvzvv(QGCWvvwvv;JGC9Fvv+vv?<vv9:SvvAvvDvv}vv9Q

(47)GCZOQ!qT&.
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k

(Cs{!Z+>yzqQOp,Gyg9D)(48).

1vvvvv|OiGCgQp?GygQ<+?<}(GQO$9GC9F+?h@Z"+q%9
@vvgvvAvv=vvQGCgvvQpvv?GyvvgvvQ<vv+?<vv}vv(GQO$vv9GC9Fvv+vv?\vvJvvzvv?<vv9Ctvv9Q!vv?|vvh|vvgvvQpvv?GyvvOhdGCAvvavv(QI
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GyvvgvvQNhG@vvR*vvQIGyvvgvvQ<vv+?.vvv}vv9CfvvOJOQGSvv9JhChQGbfvv}vv{IvvO*vvDvv?}svv9y+~GCWvvQb
GyvvgvvQNhGCjvvQHGyvvgvvQNhG@vvR*vvQIGyvvgvvQ<vv+?hhGOjGyvv"vv+vv{pvv,E_vv9Q!vvOhIGC+vv9gpvv,Gyvv(_vv#
GyvvgvvQNGyvvAvv,!vvdvv}vv%vv9GyvvZvv"vvOhbGyvvgvvQNyvv5!vv}vv9AG:svvAvvZvv9OjhG:FvvAvv}vv9fvv,fvv9e1993.

hsvvOGSvvAvv%vvOpvvB=vv+vvh!vvWvv9_vv9J$vvPgGCQGvvvRGyvvgvvQ<vv+?h=vv+vvhGyvvOQGSvv9JGyvvtvvavvQ*vv?@vv(pvv+vvQ
GCgvzv(|v9JGyvOsv+vtv?fv#Hv}v{GC(GQOGC9Fv+v?GyvgvQ<v+?GyvAv,KvOGyvtv9Q GyvwvQ*v~@vqvZv+v;J

(48)Fvv9fLvv(Qj,zGC(GQOGC9Fvv+vv?GCAvv9Ivv?yvvzvv(_vv#GyvvgvvQNpvv,|vvavvzvvhGyvvtvvQfGyvvv21,yGyvRQGfv?hGC+v9g<v9C"v9_vu
G@9p?p,Gy(_#GygQN(CvT9O),GygOO16(C*z(d/S=A}=Q1996).

(49)GCZOQ!qT&.
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vD+QIf"%9p,vA9HGsAZ9O*9JGC+9gp,Gy(_#GygQNhGyg9Dyz}|y
q

r

(50).

$vvvPgGC(GQOGC9Fvvv+vvv?GyvvvgvvvQ<vvv+?@vvvWvvvwvvv{CIvvvOFvvv9!vvv=vvv,|vvvgvvv9Oyvvv?fvvvQVh_vvvzvvv>GC+vvv9gGyvvvAvvv,
@vvROGOCGvv+vv?h@vvgvvtvv+vvOG

k
|vvhR*vv9OIGyvvTvvwvv9fpvv,Gyvv(_vv#GyvvgvvQN|vv#Fvv%vv?hR*vv9OI;vv]qvvQg|vv#

Fvvv%vvv?CLvvvQi.pvvv,GyvvvqvvvtvvvQIGyvvvAvvv9y+?!vvvJvvv9hd|vvv"vvv9svvvWvvv?hfvvvQV$vvvPgGCgvvv9Oyvvv?|vvvqvvvZvvv;
k
yvvv"vvvtvvvr

<9yAtQ*>f^h\hGyOhdGygQ<+?|"qQOIp,89*?G}yq+?GyD9!+?h<OG*?G}yq+?GyD9yD?.

2vvvvvfQVGC+9gp,Gy(_#GygQN
vvvv}vvv9PvvvvQ!vvv9<vvv9yvvvqvvvtvvvQIGyvvvTvvv9<vvvtvvv?,pvvvtvvvO@vvvgvvvOOJG@vvv%vvv9JGyvvvOGQSvvv?yvvvzvvv}vvv+vvv9gpvvv,Gyvvv(_vvv#

GyvvgvvQNhGLvvAvvzvvqvvB_vvQb@vv"vv=vv|G7vv9GCTvvAvvtvv=vvz+?hhSvv9Fvv{OQGSvv97vv9h<vv9yvvAvv9[@vvtvvO*vvQG7vv9GAvv9y+?
hGCTvvvAvvvtvvv=vvvz+?ypvvvw

o
vvv{
q

|vvv#GC(GQOGC9Fvvv+vvv?GCAvvv(pvvvQI(GyvvvgvvvQV)hIvvv9Fvvv?Gyvvv(_vvv#GyvvvgvvvQNGAvvv9y+?
hGCTvvAvvtvv=vvz+?yvvzvv}vv+vv9g(Gyvvavvzvv>).hQivv~@vv=vv9*vv#GyvvAvvtvvO*vvQGJGC9Fvv+vv?yvvzvvGvv%vv9JGyvvOGQSvv?GCMvvAvvzvvqvv?
E:C8vv9@vvgvvavv,Yvv(QISvvz+}vv?IvvTvv>hFvv%vv9J!vvdvvQ$vv9hSvv(a!vvgvvQVyvv%vvPgGyvvAvv=vv9*vv"vv9J
GyAtO*Q*?vz

q
}9v9fG}|QFw"9

k
.

GyvvOQGSvv?GyvvAvv,CfvvOq$vv9GCQvvvRGyvvgvvQNyvvOQGSvv9JGC"vv9_vvuG@vv9pvv?hG}QG\vv,Gyvvtvv9Ivvzvv?
hGCtvO|v?E]Gyv"vOhIGyvgvQ<v+?G}h]CZv9OQGC+v9ghGSvAvMvOG|v97v9pv,Gyv(_v#GyvgvQNGCgvtv(OI
pvv,Gyvvwvv(*vvBfvv9e1986@vv=vv_qCfIvvGvv~GC(GQOGC9Fvv+vv?GCAvv9Ivv?pvv,Gyvv(_vv#GyvvgvvQN*vvtvv9QH

340|vvz+9Qe3(51).C|vv9@vvtvvO*vvQIvvGvv~GC(GQOGC9Fvv+vv?Gyvvtvv9<vvzvv?yvv;SvvAvvDvv}vv9Qpvv,G}Ivv(GV
GC9Fvv+vv?G@vv(pvv+vv?ivv+vvQGCAvvGvvOOIpvv%vv(|vv#G}|vv(QG}vvvDvvQ@vvgvvtvv+vvOG

k
!vvdvvQG

k
yvvgvvOe@vv(pvvQG}Svv9S

Gyvvgvvzvv}vv,GCtvv=vv(d,Ivv+vvE*vvAvv~@vvtvvO*vvQIvvGvv~$vvPgGC(GQOGC9Fvv+vv?|vv#Lvv;d@vvtvvO*vvQGAvvGvv~
Gyvvqvvgvv9dyvvzvv}vvTvv9|vv+vv?GyvvAvv,@vvAvvQGhM<vv9yvv"vvTvv=vv?E]GyvvZvvMvv(QGyvvQ|vvz+?G}hSvvhG!vvAvvWvv9QG

k
pvv,Gyvv(_vv#

GyvvgvvQN|vv9<vv+#5vvvvv10pvv,GC8vv?(52).fvv}vv(|vv9
k
@vvAvv(svvrvvv}vv+vv9JGC+vv9gGyvvtvv9<vvzvv?yvv;SvvAvvDvv}vv9Qfvv̂

fvv9|vvz+#QFvv+vvTvv_Gvv9_vv=vv+vvgvv?GAvv(VhLvvZvv9Fvv[Gyvvavv=vvtvv9JGC9Fvv+vv?Ch:
k

hGyvvTvv+vv9Svv9JGC9Fvv+vv?
Gyvvv(_vvv"vvv+vvv?hGsvvvAvvvZvvv9O*vvv9JG:SvvvAvvvDvvv}vvv9QCvvv9!vvv+9

k
.h|vvvh@vvvavvv(QG:SvvvAvvvDvvv}vvv9QLvvv;dGyvvvgvvvtvvv(OGC9\vvv+vvv?

@vvtvvzvv[Gyvvqvv9Qb<vv+#GC(GQOGC9Fvv+vv?GCAvv9Ivv?/GyvvDvv9<vvAvv?/hGC(GQOGCTvvAvvDvv}vvQIGCAvv"vv9|vv+vv?<vv9SvvAvv}vvQGQ
(172|vvz+9Qe31985h182|vvz+9Qe3fvv9e1994),G@vvOhdQsvv~(3vvvvv7).C|vv9fvv#

(50)CgvvvQpvvv?GCR*vvvOfvvv#|vvvgvvvO:J!vvvZvvv+vvv>GyvvvqvvvQOpvvv,Gyvvv(_vvv#GyvvvgvvvQN|vvv#GC+vvv9g,G!vvvdvvvQ:Ivvv}vvv(OG}VvvvQe,
GsAZ9O*9JGC+9gp,Gy(_#GygQNhGyg9D(<+QhJ:|QvROQGS9JGy(IOIGygQ<+?,2001).

(51)G!vdvQ:Fv9fLv(Qj,zG OGQIGCAvwv9|vzv?yvzv}v(GQOGC9Fv+v?pv,Gyv(_v#GyvgvQN,yhQsv?svO|vBE]:GFvAv}v9Y
Lvv=vvQGAQYvvOGC+vv9ghGyvvtvv(G!vv+#hGyvvAvvWvvQ*vvgvv9JhEOGQIGCZvv9OQGCWvvAvvQvvv?yvvzvv}vv+vv9gGyvvavv=vv+vvgvv+vv?,GyvvwvvTvv(,_vvQG<vvzvvU,3vvvv6
@WQ*#G}hd/CvA(<Q1994.

(52)L(Qj,zGC(GQOGC9F+?GCA9I?yz(_#GygQNp,|azhGytQfGyv21y.
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@vvv(R*vvvhGC+vvv9gGCTvvvAvvvDvvv}vvvQIIvvv9y+9
k
pvvvtvvvOsvvvOQ$vvv9fvvvQfvvvQfvvv9e1994<vvvvvvv164|vvvz+9Qe3yvvvzvvvRQGfvvv?

(90,0pvvvvvv,GC8vvvvvv?)h6,5|vvvvvvz+9Qe3yvvvvvvzvvvvvvZvvvvvv"vvvvvv9fvvvvvv?(3,6pvvvvvv,GC8vvvvvv?)h<vvvvvvvvvv10,7|vvvvvvz+9Qe3

yv;SvAv%v;vv9JGC"vRy+?(5,9pv,GC8v?).|v#Fv%v?CLvQisvOqQJGyvAv"v}v+v?GCAv(svgv?yvzv}v+v9gpv,
Gy(_#GygQNf9e2030<J(G]268|z+9Qe3,G@OhdQs~(3vvvvv8).

G@OhdQs~(3vvvvv7)
GC(GQOGC9F+?GCTAD}QIp,Gy(_#GygQNf9e1994(|z+(fe3)

!T=?G:SAMOGeE]=z?
G:SAMOGe(p,GC8?)

G:SAMOG|9J
(|z+(fe3)

GC+9g
GCTAMO|?
(|z+(fe3)

GyOhd

VQH Y"9f? RQGf? VQH Y"9f? RQGf?

22,0

17,4

36,4

4,9

21,0

96

11,5

2,4

4,7

2,0

vvvvv

5,7

33,0

54,1

57,8

25,0

8,7

3,7

19,3

4,0

12,3

2,8

4,9

4,5

6,9

3,9

vvvvv

2,2

0,4

1,7

vvvvv

0,7

1,1

vvvv

6,5

8,4

5,0

1,6

8,2

2,4

vvvvv

1,80

75,2

77,7

59,1

88,2

75,1

4,0

86,3

97,2

93,6

98,0

96,9

93,2

67,0

48,8

33,8

70,0

89,7

88,1

78,3

96,0

85,9

189

246

86

100

978

19

514

542

543

81

1179

30

95

117

370

251

331

2176

2135

30

470

23

69

10

141

182

vvvvv

98

90

194

vvvvv

344

6

vvvvv

17

54

50

61

4824

265

vvvvv

69

640

1100

139

1802

3500

1

3850

21938

10644

3954

47584

489

195

125

216

701

3418

51825

8660

712

3280

852

1415

235

2044

4664

20

4462

22570

11372

4035

49107

525

290

259

640

1002

3810

58825

11060

742

3819

GC}zw?G}QO!+?Gy%9V}+?

Ohy?G |9QGJGygQ<+?GCAJOI

Ohy?Gy=JQ*#

G@}%(Q*?GyA(!T+?

G@}%(Q*?G@RGFQ*?

=%(Q*?F+=(O

GC}zw?GygQ<+?GyTg(O*?

=%(Q*?GyT(OGf

G@}%(Q*?GygQ<+?GyT(Q*?

=%(Q*?GyZ(|9dGyO*}tQG_+?

G@}%(Q*?GygQGs+?

Sza"?fo}9f

pzTa_

Ohy?saQ

Ohy?Gyw(*B

G@}%(Q*?Gyz="9!+?

G@}9$+Q*?GygQ<+?Gyz+=+?GyWg=+?G:VAQGv+?

=%(Q*?|ZQGygQ<+?

GC}zw?GCjQ<+?

G@}%(Q*?G S;|+?GC(Q*A9!+?

G@}%(Q*?Gy+}"+?

5,9 3,6 90,5 10723 6543 164482 181748 G =9[

GCZvOQ:fvv=vvOGyvvzvv&fvvQfvvQ,zG}Svv9y+>hGyvvavvQbGyvvwvvqvv+vvzvv?<vvAvvQVvv+vvOGSvvAvvMvvOGeGC+vv9gpvv,GyvvRQGfvv?GyvvgvvQ<vv+?,yhQsvv?
svvO|vvBE]:Gyvvzvvtvv9AGyvvtvv(|vv,CTvv|h[svvavv9YGyvvRQGfvv?hGyvvQjpvv,Gyvv(_vv#GyvvgvvQN,GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,
Gyt9$QI,1995.
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G@OhdQs~(3vvvvv8)
GyA"}+?GCA(sg?yz}(GQOGC9F+?p,Gy(_#GygQN

L;dGyqAQI2000vvvvv2030(v~3)

2030 2020 2010 2000 GyT"vvvv?
GC(GQO

250

19

268

235

17

252

215

15

230

190

13

203

GC(GQOGC9F+?GCAGOOI
GC(GQOGC9F+?i+QGyAtz+O*?
GCG}(Y

GCZvvOQ:Fvvv9fLvvv(Qj,zGC(GQOGC9Fvvv+vvv?GCAvvv9Ivvv?yvvvzvvv(_vvv#GyvvvgvvvQNpvvv,|vvvavvvzvvvhGyvvvtvvvQfGyvvvvvvv21,yGyvvRQGfvv?hGC+vv9g
<9C"9_uG@9p?p,Gy(_#GygQN(CvT9O),GygOO16(C*z(d/S=A}=Q1996).

3vvvvvGyaz>f^GC+9gp,Gy(_#GygQN

CvvvvvGyaz>GA9[f^GC+9gp,Gy(_#GygQN

|vv#Gyvv]vvQhQI<vv}vvwvv9fGyvvAvv}vv+vv+vvR<vv+#fvvOIGYvvavv;Ivv9JGsvvAvvZvv9O*vv?|vv9Fvv+vv?pvv,|vvtvvO|vvAvv%vv9
zGyvvvvavvvvzvvvv>fvvvv̂GC9Ay(Water Demand)hzG:IvvvvAvvvv+vvvv9Fvvvv9JGC9Fvvvv+vvvv?y(Water Requirements)

GCQ@vvv=vvvavvv?<vvv"vvv}vvv(GyvvvTvvvwvvv9fhGIvvvAvvv+vvv9Fvvv97vvv~G}Svvv9Svvv+vvv?C+vvv9gGyvvvWvvvQHhE!vvvAvvv9LGyvvvjvvvPGAh@vvv"vvv}vvv+vvv?
Gyvvvvtvvvvavvvv9fvvvv9JGyvvvvAvvvv"vvvv}vvvv(*vvvv?hLvvvv9Yvvvv?Gyvvvvtvvvvavvvv9YGyvvvvZvvvv"vvvv9fvvvv,hzGSvvvvAvvvvMvvvvOG|vvvv9JGC+vvvv9gy(Water

Applications)hzGSvvvAvvvgvvv}vvv9:JGC+vvv9gy(Water Uses).fvvv}vvv(|vvv9
k
*ovvvavvv=vvvuGyvvvgvvvO*vvvO|vvv#GyvvvOhd

GyvvgvvQ<vv+?Hvv}vv(fvv?|vv#GC=vv9O G:svvAvvZvv9O*vv?|vv#Lvv;dSvv+vv9Svv97vv9GyvvTvvgvvQ*vv?yvvzvv}vv+vv9gvvv(Svv+vvzvv?
yvzvJvO|v#Gyv%vOQh OGQIGyvavzv>fv̂GC+v9g.$vPGh@vtvOQGyvOhdGyvgvQ<v+?GyvAv,EvAvzvx|v(GQO
|9F+?|AGOOI@R*Of^1000e3yzqQO/GyT"?GIA+9F979hpuG}SUGyA9y+?:

vvvvv@(p+Qv9|{CAaz=9JGyWQH(G:SA%;cGC"R[).

vvvvv@"}+?Gyta9YGyZ"9f,.

vvvvv;t+uG}|#GyjPGF,.

C|vv9GyvvOhdGyvvgvvQ<vv+?GyvvAvv,EvvAvvzvvx|vv(GQO|vv9Fvv+vv?IvvOhOI,pvvAvvtvv(eSvv+vv9Svv97vv9GC9Fvv+vv?fvv̂
@vv(pvv+vvQ|vvgvvdvv~|vvAvvavvzvv=vv97vv9|vv#|vv+vv9gGyvvWvvQHhGyvvZvv"vv9fvv?|vv#|vvZvv9OQivv+vvQ@vvtvvz+O*vv?vvvAvvJvvz+?|vv+vv9g
Gyvv=vvJvvQhGSvvAvvMvvOGeGC(GQOGyvvAvvtvvz+O*vv?6vvOa;vvtvv+vvuCvvv=vvQ!vvTvv=vv?Fvvwvv"vv?|vv#G:vvvAvvqvv9AGyvvPGO
<vv9yvvjvvPGA.hvvv}vv9!vvgvvzvv~@vvTvvAvvMvvOeGC+vv9gfvv9OI}ivvQGVCSvv9Svv+vv?Cvv;Cvv?$vv,GyvvRQGfvv?hGyvvAvvZvv"vv+vvh
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hG:SvvAvv%vv;cGC"vvR[.pvv,GyvvgvvtvvOG}Lvv+vvQ|vv#GyvvtvvQfGC9\vv,(1993)svvOQJvvv}vv+vv?GC+vv9g
GCTvAvDv}vQIpv,Gyv(_v#GyvgvQN<vvv168|vz+9Qe3/GyvTv"v?,GSvAvgv}v{|v"v%v9pv,GyvRQGfv?82pv,
GC8vvv?hpvvv,G:SvvvAvvvgvvv}vvv9:JGC"vvvRy+?12pvvv,GC8vvv?hpvvv,GyvvvZvvv"vvv9fvvv?6pvvv,GC8vvv?.h*vvvgvvvAvvv=vvvQEsvvvz+~
G@vvvR*vvvQIGyvvvgvvvQ<vvv+?|vvv#CvvvvDvvvQG}svvv9y+~GyvvvgvvvQ<vvv+?G}Q<vvvgvvv?GIvvvAvvv+vvv9Fvvv9

k
h_vvvzvvv=vvv9

k
fvvv̂GC+vvv9g,pvvvtvvvO

@]9frGyaz>p+&sQG<?CQ<h|QGJL;dfWQS"(GJ1980vvvvv1990(53).

HvvvvvGyaz>GCTAt=\f^GC+9gp,Gy(_#GygQN

*vgvAv}vO;vO*vOG:IvAv+v9Fv9JGCTvAvtv=vz+?yvzv}v+v9gpv,Gyv(_v#GyvgvQNfv̂fvOIfv(G|v{
CGvvvv%vvvv9Gyvvvv"vvvv}vvvv(GyvvvvTvvvvwvvvv9Ph;vvvvtvvvv+vvvvuG:vvvvvAvvvvqvvvv9AGyvvvvjvvvvPGFvvvv,GyvvvvPGOh@vvvv(pvvvv+vvvvQ|vvvv+vvvv9gGyvvvvWvvvvQH

hG Svwv9fh@vz|v_|vAvavzv=v9JGyvZv"v9fv?h!vdvQG
k

}Gv+v?$vPgGyvgv(G|v{!vgvQVyv%v9<vWvwv{
|(FR.

(1)Gy"}(GyTw9P

$vv"vv9cOQGSvv9JOhy+?hEsvvz+}vv+vv?hfvvQ<vv+?hIvvz+?fvvO*vvOI@vv"vv=vvzJ(<vv"vvTvv>|vvAvvqvv9h@vv?
2,5vvvvv3,8pv,GC8v?pv,GyvTv"v?)@vav(QCfvOGOSvwv9fGyv(_v#GyvgvQNpv,Gyvgvtv(OGyvDv;Cv?
|vv#GyvvtvvQfGyvvtvv9Oe.h<vv+"vvB$vvPgGyvvOQGSvv9J<vvzfIvvGvv~GyvvTvvwvv9fSvv+vvZvv{fvv9e2030E]
|vv9<vv+#612h735|vvz+(fpvvQOCjSvv+vvAvv]vv9fvvrGyvvgvvOO<vv+#2,8vvvvv3,3|vvQI<vv9Ctvv9Q!vv?
|vhfv9e1990.(Sv"v"v9svX@vqvZv+v;JGyvTvwv9ffv̂GCTvAv(*v_GyvOh[hGyvgvQNhOhQ$v9
pv,;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?pv,GyvqvZv{GBv9|vU).h$vPG*vgv"v,\vQhQI@v(pv+vQ
G:IvvvAvvv+vvv9Fvvv9JGCAvvvRG*vvvOIyvvvzvvv}vvv+vvv9gGyvvv;R|vvv?ypvvvw

o
vvv{
q

|vvv#G:SvvvAvvvgvvv}vvv9:JGAvvv]vvvQ*vvv?hGyvvvWvvvQH
hGyjPGA.

(2);t+uG:vAq9AGyPGOGyjPGF,

@vvqvv+vvOOQGSvv9JGC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GyvvgvvO*vvOIhGCTvvAvv}vvQIIvv(dG}|vv#
GyvvvjvvvPGFvvv,GyvvvgvvvQN<vvvzfGyvvvqvvvGvvv(IGyvvvjvvvPGFvvv+vvv?pvvv,Gyvvvgvvv9DGyvvvgvvvQNvvvv=vvv+vvvQIhLvvv9Yvvv?pvvv,GyvvvTvvvzvvvh
GyvQFv+vTv?,EP@vtvh!vTv>G:vvAvqv9AGyvPGOGyvjvPGFv,yvzvJv=v(HhGyvTvwvQhGyvR*v(J<v+#30vvvvv

50pv,GC8v?hGyvzvJv(e84pv,GC8v?pv,|v"vAvZvrGyvAvTvgv+"+qv9JIv+vEfvOOGyvTvwv9f*vR*vO
f#267|z+(f!T}?(f9e1997).

(53)M. Abdulrazzak, Rainfall-run off Management in the Arabian Peninsula and Implication for

Action (Washington, DC: International Food Policy Research Institute (IFPRI), 1995).
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h!vvdvvQG
k
yvvAvv]vv9fvvr$vvPGGyvvgvvOOpvv,8vv9*vv?GyvvgvvtvvOGyvvDvv9yvvE|vv#GyvvtvvQfGyvvtvv9Oepvv;<vvOqCf

@vv"vvMvvqvv̂$vvPgGyvv"vvTvv>vvvDvv+vvQG
k

|vv9D@vvAvvMvvPEFvvQGAGJR*vv9OIG !vvAvv9LGyvvRQGfvv,GyvvjvvPGFvv,GyvvPj
*vgvAv}vOCSv9Sv9

k
fv̂GC+v9g.hEPGD@vTvAvavhGyvOhdGyvgvQ<v+?@v"v}v+v?|v(GQO$v9GC9Fv+v?<v}v9*vAv(Gvv>

|vh@v(GRfGyvavzv>fv̂GyvjvPGApv{!v&*vZvgv>@v]v+v+vuGyvqvGv(I<v+#E!vAv9LGyvjvPGAhGSvAv%v;vv&.
hyvvvAvvvtvvvO*vvvQIvvv9Fvvv?GyvvvRQGfvvv?GyvvvgvvvQ<vvv+?|vvv#GC+vvv9gpvvv,Gyvvvgvvvtvvv(OGyvvvDvvv;Cvvv?G}h]|vvv#GyvvvtvvvQfGAvvv9[
CLPJGy"t9WG6@+?<g_G:fA=9Q:

vvvvv|vvAvv(SvvbGSvvAvv%vv;cGyvvqvvQOpvv,vvv{
q

svvavvQ|vv#GC"vvAvvGvv9JGyvvRQGfvv+vv?GCMvvAvvzvvqvv?GyvvAvv,;vvAvv9L
C+vvvv9gGyvvvvQjpvvvv,E!vvvvAvvvv9Fvvvv%vvvv9hPyvvvvxIvvvvTvvvv>EIvvvvZvvvv9Fvvvv+vvvv9Jfvvvv9e1981hsvvvvOGfvvvvAvvvv=vvvvQ|vvvvgvvvvOd

G:SA%;cC9<A9
k

L;dpAQIG St9W.

vvvvvvvv}vv+vv?G !vvAvv9LGyvvRQGfvv,GCavvzvv(Hypvvw
o
vv{
q

IvvZvv(dRQGfvv,|vvQhjpvv,vvv{
q

svvavvQyvvAvvzvv=vv+vv?
GIA+9F9JGyTw9fL;dpAQIG St9W.

vvvvv|vvAvv(SvvbE!vvAvv9Fvv+vv?vvv{
q

IvvZvv(d|vv#GCJvv9Yvv+vv{GyvvRQGfvv+vv?GCQh*vv?IvvTvv>EIvvZvv9AGJ

fvv9e1970vvvvv1981hpvv,\vv(Fvv&IvvOOJE!vvAvv9Fvv+vv?vvv{
q

IvvZvv(dfvv"vvO<vvOG*vv?h8vv9*vv?pvvAvvQI
G St9WhGfA=QJ$Op9

k
K>;t+t&yAz|_GyjPGAyTw9fGy=;OGygQ<+?.

vvvvvGCTvvv9Ivvv9JGCavvvzvvv(HRQGfvvvAvvv%vvv9yvvvAvvvz|vvv_G !vvvAvvv9LGyvvvRQGfvvv,Gyvvv;ReyvvvTvvvwvvv9fGyvvv=vvv;O
GygQ<+?L;dpAQIG St9W.

vvvvvGyt+}?GCA(Sa?yz}t""9JGC9F+?yz}J9Y+{GyRQGf+?.

vvvvv|vvvgvvvO:JG:SvvvAvvv%vvv;cGy+(|vvv,C+vvv9gGyvvvWvvvQHhG:SvvvAvvvgvvv}vvv9:JG}$vvvz+?GCgvvvAvvv}vvvOI
 St9WGyaz>f^GC9A(y+AQ/*(e/pQO),G@OhdQs~(3vvvvv9).

vvvvvGyv"vTv>GCgvAv}vOI Svtv9WGyvavzv>fv̂GC9AyvzvZv"v9fv?pv,Gyv(_v#GyvgvQN,G@vOhd
Qs~(3vvvvv10)(*).

h<vv"vvAvv+vvGvv?G Svvtvv9_vv9JsvvOQE=vv9[Gyvvavvzvv>fvv̂GC+vv9g(<vvz!vv(Gfvv%vv9vvv9pvv?)svvQG<vv?493

(*)yvvAvvtvvO*vvQGyvvavvzvv>fvv̂Ivv9Fvv?GyvvZvv"vv9fvv?GyvvgvvQ<vv+?yvvzvv}vv+vv9g@vv~G:fvvAvv}vv9Ofvv̂vvv{
q

|vv#G:SvvAvv%vv;vvv9JGAvv9y+?
yvvvzvvvZvvv"vvv9fvvv?|vvv#GC+vvv9ghG |vvvwvvv9!vvv+9JGyvvvZvvv"vvv9fvvv+vvv?GAvvv9y+?hBpvvv9bhGIvvvAvvv}vvv9:J@vvvavvv(Q$vvv9|vvvTvvvAvvvtvvv=vvv;

k
hvvvvPyvvvxfvvv̂C!vvv(GY

GyvvZvv"vv9fvv9JhGSvvAvv%vv;vvv97vv9|vv#GC+vv9ghPyvvxvvv"vvTvv=vv?|vv8vv(*vv?|vv#Gyvvavvzvv>fvv̂|vv9AGyvvWvvQHhG:SvvAvvgvv}vv9:JG}$vvz+?|vvh
R*vv9O7vv9<vv}vvQhQGyvvR|vv#hpvvtvv9

k
:IvvAvv}vv9:JGyvvAvvavv(QGyvvZvv"vv9fvv,GCAvv(svvh|vvTvvAvvtvv=vv;

k
yvvzvvOhdGyvvgvvQ<vv+?.hhpvvtvv9

k
C9@vvtvvOqesvvTvv}vvB

GyvvOhdGyvvgvvQ<vv+?E]CQ<vvhHvv}vv(fvv9JIvvTvv>E|vvwvv9!vv+97vv9GyvvAvvZvv"vv+vvgvv+vv?hGfvvAvv}vvOJGyvvtvv+vv~GC=vv+"?pvv,G@vvOhdQsvv~(3vvvv11)

 St9WGyaz>f^GC9Ay~iQGVGyZ"9f+?.
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|vvz+9Qe3<vvJvvO$vv9G}O!vv),h$vv,|vv(Rfvv?fvv̂G:IvvAvv+vv9Fvv9JGyvvRQGfvv+vv?hGC"vvRy+?hGyvvZvv"vv9fvv+vv?
p,G@OhdQs~(3vvvvv11).

G@OhdQs~(3vvvvv9)
|gO:JG:SA%;cGy+(|,C+9gGyWQHhG:SAg}9:JG}$z+?GCgA}OI

 St9WGyaz>f^GC9A(y+AQ/*(e/pQO)

2030 2020 2010 2000 1990 Csa9QGCG}(f? GCG}(f?

300 280 260 230 200 GyvvvvvvvTvvvvvvvgvvvvvvv(O*vvvvvvv?,svvvvvvvavvvvvvvQ,Gyvvvvvvvwvvvvvvv(*vvvvvvvB,
Gy=JQ*#,fo}9f,G |9QGJ

(1)

220 200 175 150 120 Svvvv(Q*vvvv9,G}QOf,yvvvv=vvvv"vvvv9f,@vvvv(!vvvvU,
GCjQH,GygQGb,y+=+9

(2)

150 135 120 100 75 GyvvvvvvvTvvvvvvv(OGf,|vvvvvvvZvvvvvvvQ,|vvvvvvv(Q*vvvvvvvAvvvvvvv9!vvvvvvv+9,
G@RGFQ,GyZ(|9d,F+=(O,Gy+}#

(3)

GCZvOQ:hGCvuQSv(dBiv9,zGC(GQOGC9Fv+v?GCAv9Iv?hGCTvzyv?GC9Fv+v?pv,Gyv(_v#GyvgvQN,yhQsv?svO|vBE]:GC+v9g
hOhQ$v9G:SvAvQG@v+Gv,pv,Gyv(_v#GyvgvQN:Cfv}v9dGyv"vOhIGyv=vQC9!v+?GyvgvQ<v+?GBv9|vTv?GyvAv,!vdv}v%v9G:;v9OGyv=vQC9PGyvgvQN
<v9yvAvgv9hf|vhGyvWvgv=v?Gyv=vQC9!v+?GyvgvQ<v+?GyvTv(Q*v?,17vvvvv18Vv=v9W/pv=vQG*vQ1997(O|vWvu:G:;v9OGyv=vQC9PGyvgvQN,
[1998]).

G@OhdQs~(3vvvvv10)
Gy"T>GCgA}OI St9WGyaz>f^GC9AyzZ"9f?p,Gy(_#GygQN

}f(Ge1985,2000,2010,2020h2030

2030 2020 2010 2000 1985 OhdGCG}(f? GCG}(f?

1,0 0,8 0,65 0,5 0,25 GyvvvvZvvvv(|vvvv9d,Fvvvv+vvvv=vvvv(O,|vvvv(Q*vvvvAvvvv9!vvvv+9,
Gy=JQ*#,G |9QGJ

(1)

0,5 0,4 0,35 0,25 0,1 GyvvvvvvTvvvvvv(OGf,GyvvvvvvTvvvvvvgvvvvvv(O*vvvvvv?,|vvvvvvZvvvvvvQ,
G@RGFQ,GCjQH

(2)

0,75 0,65 0,55 0,41 0,25 GygQGb,S(Q*9,Gy+}#,saQ (3)

1,0 0,9 0,80 0,66 0,5 Gyvvvwvvv(*vvvB,yvvv=vvv"vvv9f,G}QOf,fovvv}vvv9f,
@(!U,y+=+9

(4)

GCZOQ:GCZOQ!qT&.
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G@OhdQs~(3vvvvv11)
ESt9WGyaz>f^GC9ACMAzrG:SAMOG|9J}s9y+~Gy(_#GygQN

yzqAQI2000vvvvv2030(|z+(fe3)
2030 2020 2010 2000 G:IA+9F9J G sz+~

8098 6273 4495 1716 VQH

GCWQbGygQN5690 3854 2369 1212 Y"9f?

77651 77996 75219 71842 RQGf?

91439 88123 82083 74770 E=9[

5433 4238 3203 2181 VQH

G@R*QIGygQ<+?3587 2341 1529 783 Y"9f?

28587 27716 26473 24919 RQGf?

37607 34295 31205 27883 E=9[

11056 8362 6162 4019 VQH

G}hSb5985 3620 2308 1088 Y"9f?

151623 147067 141077 133808 RQGf?

168664 159049 149547 138915 E=9[

11432 8788 6346 4217 VQH

GCjQHGygQN7073 4541 2875 1449 Y"9f?

101669 97892 94598 89689 RQGf?

120174 111221 103819 95355 E=9[

36019 27661 20206 12133 VQH H}(YCs9y+~
Gy(_#GygQN

v9p?

22335 14356 9081 4532 Y"9f?

359530 350671 337367 320258 RQGf?

417884 392688 366654 336923 E=9[

GCZOQ:GCZOQ!qT&.

yvvtvvO<vv+"qvv9pvv,$vvPGGyvvqvvZvv{Gyvv(GsvvhGAvv9[hGCTvvAvvtvv=vv\yvvzvv}vv(GQOGC9Fvv+vv?GyvvOhy+?hGyvvgvvQ<vv+?
hG!gw9S979f^GyA"}+?GyRQGf+?h<9yA9[f^GyA"}+?GyRQGf+?GCTAOG|?.

C|vv9GC(GQOG}Q\vv+vv?GyvvAvv,@vvzCvvQJC*vv]vv9
k
pvv,vvv;GCTvvAvv(*vv_GyvvOh[hGyvvgvvQN<vvAvvjvv+vvQGJ
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GC"vvv9Nh<vvvAvvv"vvv9svvv[Gyvvv%vvvavvv(:JGCavvvQ*vvv?Lvvv9Yvvv?fvvv̂G}QG\vvv,GyvvvgvvvQ<vvv+?|vvv9COiE]@vvvO$vvv(Q
h@vZvJvQsvTv~:<vzS<v&|v"v%v9pv,Gyvgvtv(OG}Lv+vQIFv9G!vgvwvUPyvxfv̂GyvAv"v}v+v?GyvRQGfv+v?
L9Y?p,GyOhdGy"9|+?hGygQ<+?Sz=9

k
.

pvv,GyvvqvvZvv{GyvvAvv9[!vvgvvQVyvv%vvPGGyvv(GsvvhGyvvOh[hGyvvgvvQNGAvv9[hGCTvvAvvtvv=vv\yvvzvv}vv(GQO
G}Q\+?p+%}9h|OiCG+A%9yAJt+uGyA"}+?GyRQGf+?GCTAOG|?.

172



˙�HBq˙�d˙�l

OhQG9QvuGQOGDQHTvvZh:OX6CvZG9@GCvd

6w)CNTvoG9@RQTvvZG9eQG4TvZG9QE@bG:vvZ
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|OLvvvvvvv{

@vvzvvgvv>GC(GQOG}Q\vv+vv?GyvvOhQGyvvDvv9P<vvgvvOGC+vv9gpvv,;vvtvv+vvuG !vvAvv9LGyvvRQGfvv,h@vv(pvv+vvQ
GC"vAvGv9JGyvRQGfv+v?GyvjvPGFv+v?,h<vMv9Yv?EPG@v(GpvQJGC+v9gGyvAv,@vgv}v{fv̂;v(*v{G}QG\v,
GCavvvQ*vvv?E]CQGV|vvvQh*vvv?,h<vvv9yvvvAvvv9[*vvvROGOG !vvvAvvv9LGyvvvRQGfvvv,,h<vvvMvvv9Yvvv?GyvvvjvvvPGFvvv,|vvv"vvv&,
!vvAvv+vvGvv?GQ@vvqvv9YGyvvjvv;dpvv,G}QG\vv,GCQh*vv?|vvtvv9Q!vv?<vv9}QG\vv,GCavvQ*vv?(|vv#2vvvvv4|vvQGJ
@vvtvvQ*vv=vv9

k
).h@vv=vvgvv9

k
yvvPyvvxChy+"vv9$vvPGGC(QOCGvv+vv?Lvv9Yvv?pvv,@vvTvvzvvTvv{Gyvvgvv(G|vv{Gyvvqvv9fvvzvv?pvv,

GSvAvOG|v?GyvAv"v}v+v?GyvRQGfv+v?hGyvjvPGA,Sv(GACvv9fPyvxfv̂GCTvAv(*v9JGyvgv9C+v?CeG svz+}v+v?
CeGCJz+?.

|vv#Fvv%vv?CLvvQi,@vvgvvAvv=vvQG}QVGC(QOG}Svv9Svv,yvvzvvgvv}vvz+?G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?,
h<v9yvAv9[yvgv}vz+?@vz|v_GyvjvPGAyvzv=v;*v_GCAvRG*vOI|v#GyvTvwv9f.hCLvP$vPGGC(QO*vROGOCGv+v?
pv,GyvQ<vhG}Lv+vQ|v#GyvtvQfGC9\v,hGyvQ<vhG}hd|v#GyvtvQfGAv9OjhGyvgvWvQ*v#,<vTv=v>
fvOesvOQIG}QVGyvRQGfv+v?GCAv(GpvQIfv̂@vtvO*v~GyvjvPGAGC"v9Sv>yvzvTvwv9fpv,GyvgvO*vO|v#
OhdGyvvgvv9DGyvv"vv9|vv,h|vv"vv9_vvtvv&GCMvvAvvzvvqvv?.yvvPyvvxCLvvPJGC"vvdvv}vv9JGyvvOhy+?h|vvQGvvvRGyvv=vvJvv(K
GCMvvAvvzvvqvv?GyvvRQGfvv+vv?hG:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?|vv"vvPfvvtvvO*vv#|vv#GyvvR|vv9fpvv,OQGSvv?$vvPG
GC(QOh|vOi@vO$v(QghG |vwv9!v+9JhG FvQGAGJGyv(GFv>G<v9P$v9Av}v9*vAv&\v}v#|vqv%v(e
G:SvAvDv}v9QGCTvAvOGe|v#sv=v{G}Fv+v9dGAv9y+?hGCTvAvtv=vz+?,hGQ@v=vbGYvav;MG}QV<v9C9A
h<v9yvAv9[<v9yvRQGfv?hGyvjvPGAhGyv=v+v8v?,<vJv+vEEf|vgvdv~GyvOQGSv9JG:svAvZv9O*v?vvvvvG:FvAv}v9fv+v?
GyOhy+?p,$PGGCG9d@OhQI(df}z+?GyAw9|{<+#GyRQGf?hGyjPGAhGy=+8?.

EfGCQvvvvvRGyvvvvOh[yvvvv=vvvvJvvvv(KSvvvv+vvvv9Svvvv?GyvvvvjvvvvPGA(International Food Policy Research

Institute (IFPRI))hvvvPyvvxGCQGvvvRGyvvOhy+?G}LvvQiGyvvAvv9<vvgvv?yvvzvvGvv"vv?G:SvvAvvWvv9Q*vv?yvvzvv=vvJvv(K
GyvRQGfv+v?GyvOhy+?(Consultative Group of International Agricultural Research (CGIAR))

hiv+vQGv9|v#GC"vdv}v9JGyvOhy+?GCMvAvZv?,@vQvvRpv,<vJv(Cv%v9hOQGSv97v9GAv9y+?hGCTvAvtv=vz+?
f^GyD9y(KGCPv(Qv{p,H9d<ZZ&.

pvv,$vvPGGyvvqvvZvv{!vvQvvvRfvv̂|vvgvvQpvv?Gyvv(GsvvhGAvv9[C(QOG}QVhfvvQ\vv&GCTvvAvvtvv=vv\
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h|vOiGyvAvO$v(QGyvPjCYv9<v&pv,GyvqvAvQIGC9\v+v?hGyvPjsvO*vZv+v=v&|vTvAvtv=v;
k

fv̂GCTvAv(*v_
Gyvvvgvvv9C,hGyvvvgvvvQN,vvvv}vvv9!vvvJvvv9hd@vvv(\vvv+vvvKGyvvvZvvv(QGyvvvAvvv,SvvvAvvvR*vvvOfvvvQV$vvvPGGC(QO6vvvOa
G:SvAvGv9<v?yvR*v9OIfvQVGyvjvPGAGyvgv9C,\v}v#@vwv9y+rGsvAvZv9O*v?h<v+8v+v?|vtv=v(yv?,h@vtvO*v~
GCgvvQpvv?GCAvv(GpvvQIyvvavvQ*vvtvv?EOGQI$vvPGGC(QO}ivvQGVG !vvAvv9LGyvvRQGfvv,,E\vv9pvv?E]|vvgvvQpvv?
_QbY+9!?$PGGC(QO|#GyAO$(Q.

Ch:
k

:GC(GQOG}Q\+?Gyg9C+?

1vvvvv@(RYGC(GQOG}Q\+?Gyg9C+?f^G}s9y+~hsOQG79Gyw9|"?
@vvvgvvvAvvv=vvvQ|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?(FAO)GCZvvvOQG}Svvv9Svvv,yvvvzvvv=vvv+vvv9!vvv9J

hGCgvvzvv(|vv9Jfvv#|vv(QOG}QVpvv,Gyvvgvv9Dh_vv9svvAvv%vv9pvv,G !vvAvv9LGyvvRQGfvv,,pvvtvvOsvvOQJ
GC"vvdvv}vv?GCPvvv(QI|vvTvv9Ivv?|vv(QOG}QVGyvvTvv"vv(jGBvv9U<vv{!vvAvv9LGCJvv9Yvv+vv{GyvvRQGfvv+vv?
h<vvWvvwvv{|vvTvvAvv}vvQ<vvvv1404|vv;*vv_$vvwvvAvv9Qfvv9e2002|vv"vv%vv9803|vv;*vv_$vvwvvAvv9Qpvv,
GyvvOhdGyvv"vv9|vv+vv?(57,5pvv,GC8vv?)h601|vvz+(f$vvwvvAvv9Qpvv,GyvvOhdGCAvvavv(QI(42,5pvv,
GC8?)(1).

G@vvvvvOhdQsvvvvv~(4vvvvv1)*vvvvv(RY$vvvvvPgGCTvvvvv9Ivvvvv9Jfvvvvv̂G}svvvvv9y+~GyvvvvvOhy+?pvvvvv,Gyvvvvvgvvvvv9e
GCPvvv(Q,h|vv"vv&!vv;Ivve@vv=vv9*vv#G}svv9y+~GyvvOhy+?<vvwvv{|vv#GCTvv9Ivv?Gyvvwvvz+?hGyvvQsvvgvv?GyvvRQGfvv?
hGyvvQsvvgvv?GCTvvAvvO*vv}vv?hGyvvQsvvgvv?GCQh*vv?.<vv+"vv}vv9;vvAvv{Gyvvtvv9QIG}|vvQ*vvwvv+vv?30pvv,GC8vv?hGyvvtvv9QI
G6Svvv+vvv(*vvv?23,7pvvv,GC8vvv?hGyvvvtvvv9QIG}pvvvQ*vvvtvvv+vvv?22,7pvvv,GC8vvv?,h;vvvAvvv{Gyvvvtvvv9QIG}hQh<vvv+?

17,2pvv,GC8vv?|vv#GCTvv9Ivv?G =vv9y+?,pvv,Ivv_vvv9!vvB$vvPgGyvv"vvTvv><vv9yvv"vvTvv=vv?E]GyvvQsvvgvv?
GyvvvRQGfvvv+vvv?hGCTvvvAvvvO*vvv}vvv?30pvvv,GC8vvv?,35pvvv,GC8vvv?,13pvvv,GC8vvv?,h24,4pvvv,GC8vvv?fvvv̂
GyvvvAvvv(G[.C|vvv9GyvvvQsvvvgvvv?GCQh*vvv?pvvv,Gyvvvtvvv9QGJGCPvvvv(QIpvvvwvvv9!vvvBfvvv̂GyvvvAvvv(G[:15pvvv,GC8vvv?,

70,0pvvv,GC8vvv?,4,7pvvv,GC8vvv?h6,5pvvv,GC8vvv?.hyvvvtvvvOCGvvvzvvvBGyvvv"vvvTvvv>GBvvv9Yvvv?<vvv9yvvvtvvv9QI
G}hsvv+vv9!vv(Svv+vv?<vvTvv=vv>\vv5yvvAvv%vv9.E\vv9pvv?E]CQG\vv,GCJvv9Yvv+vv{GyvvOGFvv}vv?$vv"vv9c7391|vvz+(f
$vwvAv9Q<vWvwv{|vQGYOGFv}v?hiv9<v9J|v"v%v942pv,GC8v?pv,GyvOhdGCAvav(QI,h58pv,GC8v?
p,GyOhdGy"9|+?(2).

(1)Yvv"qvvqvvB|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?OhdG:;vv9OGyvvTvv(pvv+vv9OGyvvTvv9<vvuhOhdChQh<vv9GyvvWvvQsvv+vv?\vv}vv#
GyvvOhdGCAvvavv(QI,h<vv9yvvAvv9[@vv]vv~$vvPgGCGvv}vv(fvv?Ivv9y+9

k
GyvvOhdG}hQh<vv+?hOhdC|vvQ*vvwvv9GyvvWvv}vv9y+?hOhdChsvv+vv9!vv(Svv+vv9

h<vvvgvvv̂GyvvvOhdG6Svvv+vvv(*vvv?.G!vvvdvvvQ:Food and Agriculture Organization (FAO), Production Yearbook (Rome:

FAO, 2004).

(2)GCZOQ!qT&.
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G@OhdQs~(4vvvvv1)
@(RwYG}QG\,GyRQGf+?f^G}s9y+~Gyg9C+?f9e2002(|z+(f$wA9Q)

!(YG}QG\,C|Q*w9
GyW}9y+?

C|Q*w9
G@"(<+?

BS+9ChQh<9(*)CpQ*t+9Chs+9!(S+9Gyg9D

GCT9I?Gywz+?227217833187505303085613427

|T9I?G}QG\,214317533098489296284913066

GyQsg?GyRQGf+?628642168321711104665019

GyQsg?GyRQGf+?hGCTAO*}?266126573137210531534

GyQsg?GCTAO*}?257112511123184501404

GyQsg?GCQh*?311019418123276

|;Id?:(*)ChQh<9|hOhdGy=za+u.
GCZOQ:Food and Agriculture Organization (FAO), Production Yearbook (Rome: FAO, 2004).

2vvvvvGy=gOGfGyw},hGy"(f,ygQVf"ZQG}QV
*vvv}vvvwvvv#R*vvv9OIfvvvQVfvvv"vvvZvvvQG}QVfvvv9OIE|qvvv9<vvvR*vvv9OIfvvvOOGyvvv%vvvwvvvAvvv9QGJ|vvv#Ohf

;vTv_Gyv"v(fv+v?,h*vTv}v)PyvxGyv=vgvOGyvwv}v,yvgv"vZvQG}QV;Ch<vAvJvTv_!v(fv+v?G}QV
pvv,G !vvAvv9Lh*vvTvv}vv)PyvvxGyvv=vvgvvOGyvv"vv(fvv,yvvgvv"vvZvvQG}QV;Ch<vv9yvvAvvOGLvv{pvv,|vv9<vv+"vv%vv}vv9
hp,|9*\@(\+Kyw{|"%9.

CvvvvvGy=gOGyw},ygQVf"ZQG}QV

*aQMG:LAZ9Y+(fp,GyjPGAf9OIGyT|GdGyA9[:

vvv~$vv,GCTvv9Ivv?Gyvv(GFvv>;vv(*vvzvv%vv9|vv#CQG\vv,GCQGfvv,hGyvvjvv9<vv9JE]CQGV
m

@vvRQY
<vvv9CJvvv9Yvvv+vvv{GyvvvOGFvvv}vvv?pvvv,Gyvvvgvvvtvvv(OGyvvvDvvv;Cvvv?G}h]|vvv#GyvvvtvvvQfGyvvv(GIvvvOhGyvvvgvvvWvvvQ*vvv#?hpvvvtvvv9

k

:IvvAvv+vv9Fvv9JGyvvTvvwvv9fGCtvvOvQI<vvTvv+"9Q*vv(Gyvvavvzvv>fvv̂GyvvjvvPGA(GyvvPjSvv+vvgvvQVpvv,GyvvqvvZvv{
GyvvQG<vvhfvvWvvQ)|vv#OhfCj!vvtvv[pvv,GsvvAvvZvv9OGJG !vvAvv9LGAvv+vv(GPGCgvvAvv}vvOICSvv9Svv9

k
fvv̂

GCQGf,?h<}g")BLQ,@t={<&GyAw9y+rG:sAZ9O*?hGy=+8+?.

pvv,fvv9e1993svvO|vvB|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?@vvtvvO*vvQGJ|vv"vv9Svv=vv?,|vv#
Lvv;dOQGSvv9JCfvvO7vv9LvvZvv+vvZvv9

k
yvv%vvPGGyvv%vvOa,CFvv9<vvB6vv9fvv#GyvvTvv|GdGyvvTvv9<vvupvv,|vv9

*vAvgvzvu<v9yvOhdGyv"v9|v+v?|v#OhfGyvOhdGCAvav(QI,!vdvQG
k

E]fvOeIv9Fv?GyvOhdG}Lv+vQIE]
R*v9OICQG\v+v%v9GyvRQGfv+v?GBv9Yv?<v{!vAv9LGCJv9Yv+v{Lv;dGyvgvtvO*v#ChGyvDv;Cv?Gyvtv9O|v?fv̂
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G}svv{(3),pvvqvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?*vvqvvwvvQG:LvvAvvZvv9Yvv+vv(f<vvzf@vvz|vv_Gyvvavvzvv=vv9J
GCJvvvz+?hGBvvv9QFvvv+vvv?fvvv̂GC"vvvAvvvGvvv9JGyvvvRQGfvvv+vvv?G}|vvvQ*vvvwvvv+vvv?*vvvAvvv(svvvrFvvv9!vvv>vvvv=vvv+vvvQ|vvv"vvv%vvv9fvvv̂
GyvvAvvwvv"vv(yvv(Fvv+vv9GCAvvtvvO|vv?hCCvvQ$vv9pvv,R*vv9OIGyvvjvv;dvvv9yvv%vv"vvOSvv?Gyvv(QGCvv+vv?hGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?,
GyvAv,!vWv9$vO<v(GOQ$v9Iv9y+9

k
pv,|v"vAvGv9JGAv=v(HGCgvOyv?hQGCv+v9

k
hGyvAv,@v(QO$v9$vPgGyvOhyv?

vvvv}vvvTvvv9fvvvOGJhLvvv;pvvv%vvv9E]GyvvvgvvvO*vvvO|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?,<vvvJvvv+vvvE*vvv|OjPyvvvxE]Lvvvqvvv̂
|vTv9Iv?CQVGCJv9Yv+v{E]fvWvQI|v;*v_$vwvAv9Q@vtvQ*v=v9

k
Lv;dGyvgvtv(OG}h]|v#GyvtvQf

Gy(GIOhGygWQ*#(4).

hyvvOi@vvavv=vv+vvu$vvPgGyvvAvvtvv"vv+vv9JG@vvO*vvOIpvv,=vv+vvhGyvvOhdGCAvvavv(QI,:<vvOCf<vvQL
fvWvQGJ|v;*v_Gyv%vwvAv9QGJ|v#RQGfv?$vPgGyvOhd.E:CfIvOhKCj\vjvbfv̂Gyvtv(I
Gyvvwvv9|vv"vv?pvv,|vv(QOCQVGCJvv9Yvv+vv{pvv,GyvvOhdGCAvvavv(QI,Svv+vvAvv~fvv#_vvQ*vvuR*vv9OIGyvvavvzvv>
Gyvvv(GQO|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?hGCAvvvgvvvzvvvu<vvvAvvvz|vvv__vvvzvvv=vvv97vvv9GCJvvvz+?<vvvAvvvwvvv9y+rGsvvvAvvvZvvv9O*vvv?h<vvv+8vvv+vvv?
|t=(y?.yPyx*gOqdGyT|GdGCaQhMGyT9<uy+Z=Kf^GyWw{GyA9[:

${@TAa+hGyOhdGy"9|+?R*9OIfQVG}QVGB9U69<RQGf?GCJ9Y+{?

G@OhdQs~(4vvvvv2)
G}QVGyw9|"?hGCRQhf?p,92Ohy?!9|+?(fOGGyZ_)

G sz+vvvvvvvvvvvvvvvvv~GCT9I?Gyw9|"?
y~QV(|z+(f$vvvv)

GCT9I?GAt+t+?(|z+(f$vv)

GCT9I?GCTAMO|?
I9y+9

k
p,GC8?|#GCT9I?
Gyw9|"?GCTAMO|?

92Ohy?!9|+?1815757140

CpQ*t+9GyZJQGh*?797212276

iQHBS+9vvvvvV}9dCpQ*t+9167721

VQbBS+9767799

F"(HBS+95820128

C|Q*w9Gy;@+"+?hGyw9Q*=,869190357

GCZOQ:Food and Agriculture Organization (FAO), Agriculture: Towards 2010 (Rome: FAO, 1993).

(3)Food and Agriculture Organization (FAO), Agriculture: Towards 2010 (Rome: FAO, 1993).

(4)U. S. Department of Agriculture (USDA), The Second RCA Appraisal: Soil, Water, and Related

Resources on Nonfederal Land in the United States (Washington, DC: U. S. Government Printing Office,

1989).
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G@vvOhdQsvv~(4-2)*vv(\vvK@vvtvvO*vvQGJ|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?yvv~QV
pvv,GyvvOhdGyvv"vv9|vv+vv?<vv9SvvAvvDvv"vv9AGyvvZvv_GyvvAvv,@vvAvvTvv9hipvv+vv%vv9Gyvvtvv(IGyvvwvv9|vv"vv?yvvwvv{|vv#CQG\vv,
GCJ9Y+{hCQG\,GCQGf,hGyj9<9Jp,E!A9LGC"AG9JGyRQGf+?.

yvvvtvvvOCFvvvQ*vvvBGyvvvOQGSvvv?fvvv̂GyvvvOhdGyvvv"vvv9|vvv+vvv?<vvvWvvvwvvv{EpvvvQGOjhhpvvvtvvv9
k
yvvv=vvv+vvv9!vvv9J@vvvAvvvgvvvzvvvu

<vvz!vv(GYG}QG\vv,hGyvvAvvQHhOQFvv9JGAvvQGQIh!vvdvv9eGyvvQ_vv(<vv?,vvv}vv9GSvvAvvMvvO|vvB<vv+9!vv9J
Lvv9Yvv?<vv9@vvqvv9ahGyvvavvtvvU:SvvAvvMvvOGeG}QVhpvvtvv9

k
yvvzvv}vv"vv9_vvuGyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?GyvvTvv=vvh

GCJvvOOI|vv#svv=vv{GC"vvdvv}vv?GyvvOGQSvv?(Treatment Action Campaign (TAC))Ivv+vvEsvvTqvv}vvB
GC"9_uGyRQGf+?GyOhy+?E]@Th|"9_u<+8+?RQGf+?$,:

vvvvvGC"at?G:SA(GF+?GA9QIvvvvv!ZrG@9p?(AEZ1)

vvvvvGC"at?G:SA(GF+?GA9QIvvvvv!ZrGyQ_=?(AEZ2)

vvvvvGC"at?G:SA(GF+?GA9QIvvvvvGyQ_=?(AEZ3)

vvvvvGC"at?G:SA(GF+?Gy=9QOI(AEZ4)

vvvvvGC"at?!ZrG:SA(GF+?GA9QIvvvvv!ZrG@9p?(AEZ5)

vvvvvGC"at?!ZrG:SA(GF+?GA9QIvvvvv!ZrGyQ_=?(AEZ6)

vvvvvGC"at?!ZrG:SA(GF+?GA9QI/Gy=9QOIGyQ_=?(AEZ7)

vvvvvGC"at?!ZrG:SA(GF+?Gy=9QOI(C|a9QY+q+?)(AEZ8)

vvvvvGC"at?!ZrG:SA(GF+?Gy=9QOI(AEZ9)

vvPyvxGSvAvgv}vzvBGC"vdv}v?GyvOGQSv?!vdv9|v9
k

Iv9Sv(<v+9
k

(|v(O*v{)yvAvqvJv[svOQIG}QV
pvv,vvv{|vv"vvavvtvv?<vv+8vv+vv?RQGfvv+vv?fvv̂E!vvGvv9MChE!vv}vv9A21IvvZvv(:

k
|vv%vv}vv9

k
|vv#Ivv9Yvv+vv{GyvvOhd

Gy"9|+?(fOGGy=#hGyW9jhGyw9v9h)p,c{L+9QGJ@w"(y(F+?C;C?$,:

vvvvvGCTA(iGC"Mq^,|#OhfCS}OIh|(GO|w9pJ?hCY"9aIT"?.

vvvvvGCTvvAvv(iGCAvv(Svvb,GSvvvAvvvMvvvOGe|vvvTvvvAvvv(i|vvvAvvv(Svvvb|vvv#G}Svvv}vvvOIh|vvv(GOGCwvvv9pvvvJvvv?
hG}Y"9aGCJT"?hG6y+9J.

vvvvGCTvvAvv(iGCQ@vvqvvh,GSvvvAvvvMvvvOGevvvv9|vvv{yvvvzvvv}vvvOLvvv;JhGyvvvAvvvtvvv"vvv+vvv9JGCAvvvgvvvzvvvtvvv?<vvv9yvvvRQGfvvv?
GyAG9Q*?GCAtO|?.

Cv~sv9Q!vBivzv?vv{IvZv(dpv,vv{svavgv?CQV($vwvAv9Q)<v9Bv+v9QGJGyvAvwv"v(yv(Fv+v?
GyvvDvv;Cvv?|vvhGyvvjvvz

q
vv?GyvvAvv,*vv}vvwvv#GAvvZvv(dfvvz+%vv9pvv,G}h\vv9YGyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?!vvqvvTvv%vv9hE!vv}vv9
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|vvv#OhfIvvvOOGJGyvvvAvvvQH.h@vvvTvvv}vvv)$vvvPgGyvvvjvvvzvvv?<vvv9yvvvjvvvzvvv?GC"vvvavvvzvvvtvvv?PGJGCJvvvOOG}fvvvdvvv}vvv,
(!vtvav?G!vav;bGyvjvzv?)(Maximum Constraint-Free Yield (MCFY)),h$vwvPGpvwv{svavgv?
CQV|vv#CQG\vv,GCJvv9Yvv+vv{Gyvvvvv21@vvgvvavv,ivvz

q
vv?Csvv{|vv#20pvv,GC8vv?|vv#Gyvvjvvz

q
vv?GC"vvavvzvvtvv?

PGJGCJvvOOG}fvvdvv}vv,@vvOLvv{\vv}vv#|vvqvv%vv(eChGYvvavv;M(Gyvvtvv(IGyvvwvv9|vv"vv?GCavvQ*vv? !vvAvv9L
GCJvvvv9Yvvvv+vvvv{)(Rain-fed Crop Production Potential),Cvvvv~svvvvTqvvvv}vvvvBG}QVPGJGyvvvvtvvvv(I
Gyvwv9|v"v? !vAv9LGCJv9Yv+v{E]Cv;Cv?|vTvAv(*v9J$v,:CQV|v;Fv}v?FvOG

k
;CQV|v;Fv}v?;

hCQVIvvO*qvv?.h@vvAvvTvv~G}QVGC;Fvv}vv?FvvOG
k
<vvzfIvv9:JGyvvavvtvvUGCJvv+vvavv?6vv9@vvTvv}vvKyvv%vv9

<vvv{fvvvavvv9A|vvv#80vvvvv100pvvv,GC8vvv?|vvv#Gyvvvjvvvzvvv?GC"vvvavvvzvvvtvvv?PGJGCJvvvOOG}fvvvdvvv}vvv,}j|vvv#
G:IvvAvv}vv9:JGyvvAvvwvv"vv(yvv(Fvv+vv?GyvvDvv;Cvv?,pvv,Ivv_@vvTvv}vvKvvv{|vv#G}QVGC;Fvv}vv?hG}QV
GAvvvO*qvvv?<vvv{fvvvavvv9A40vvvvv80pvvv,GC8vvv?h20vvvvv40pvvv,GC8vvv?|vvv#Gyvvvjvvvzvvv?GC"vvvavvvzvvvtvvv?PGJGCJvvvOO
G}fd},f^GyA(G[(5).

*vvvWvvv+vvvQG@vvvOhdQsvvv~(4vvvvv2)E]Cfvvvv}vvv+vvv?Gyvvvtvvv(IGyvvvwvvv9|vvv"vvv?Gyvvvgvvv9FvvvOIyvvvzvvvOhdGyvvvvvv92
Gyvv"vv9|vv+vv?@vvgvv9Od2,4|vvQIGyvvwvv}vv+vv?GC(Fvv(OIpvv,G}QVGCRQhfvv?G6fCj140pvv,GC8vv?.
pvv,C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?hGyvvwvv9Q*vv=vv,hCpvvQ*vvtvv+vv9GyvvZvvJvvQGh*vv?,@vvZvv{Gyvvtvv(IGyvvwvv9|vv"vv?pvv,CQV
GCJvvv9Yvvv+vvv{E]48pvvv,GC8vvv?h44pvvv,GC8vvv?hGvvv9@vvvgvvv9O:f4,6|vvvQIh3,8|vvvQIGyvvvwvvv}vvv+vvv?
GCAvvJvvZvv{fvvz+%vv9G6f<vvgvvwvvU|vv"vvavvtvv?VvvQbBSvv+vv9GyvvAvv,@vvgvv9Odpvv+vv%vv9vvv}vv+vv?Gyvvtvv(IGyvvwvv9|vv"vv?
}QVGCJvv9Yvv+vv{Gyvvwvv}vv+vv?GCAvvJvvZvv{fvvz+%vv9G6f,pvv,Ivv_$vvPgGyvvtvv(IGyvvwvv9|vv"vv?}QV
GCJvv9Yvv+vv{pvv,Esvvz+~ivvQHBSvv+vv9vvvvvVvv}vv9dCpvvQ*vvtvv+vv9,CjG svvz+~GyvvPj*vv]vv~ivv9yvv=vv+vv?GyvvOhd
GygQ<+?,y+TB<9yw=+QI.

hvvvv}vvv9$vvv(hG\vvvKpvvv,OQGSvvv9JGC"vvvdvvv}vvv?PGJGyvvvgvvv;svvv?,pvvv{fGyvvvavvvzvvv>fvvv̂GyvvvjvvvPGA
Svvv+vvvROGOpvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?Lvvv;dGyvvvqvvvAvvvQI1990vvvvv2010<vvv"vvvTvvv=vvv?61pvvv,GC8vvv?,pvvv{PG
COLvvvzvvvBGyvvvtvvv(IGyvvvwvvv9|vvv"vvv?E]CQVGCJvvv9Yvvv+vvv{pvvv,GyvvvOhdGCPvvvv(QIhGC=vvv+"?pvvv,G@vvvOhd
Qsvv~(4vvvvv2)hpvvu@vvwvv9y+rGsvvAvvZvv9O*vv?h<vv+8vv+vv?|vvtvv=vv(yvv?,pvvTvv+vvROGOfvvQVG}QVpvv+vv%vv9

2,4|vvvQICjCvvvvDvvvQ|vvv#Ivvv9Fvvv?!vvv}vvv(PLGyvvvavvvzvvv>IvvvAvvv)hyvvv(vvvv9!vvvBivvv;dGyvvvtvvv(IGyvvvwvvv9|vvv"vvv?
yvv~QVCsvv{|vv#Gyvvjvv;dGAvv9y+? !vvAvv9LGCJvv9Yvv+vv{.hivv9yvv=vv9

k
|vv9@vvwvv(fGyvvR*vv9OIGAvvtvv+vvtvv+vv?

yvvvgvvvQVG}QVCsvvv{|vvv#2,4|vvvQI,vvvv(fGyvvvAvvvwvvv9y+rG:svvvAvvvZvvv9O*vvv?yvvvAvvvz|vvv_=vvv+vvvhGyvvvtvvv(i
Gyvwv9|v"v?pv,CQVGCJv9Yv+v{(yv]v}v9fGyvgv}vz+?G !vAv9Fv+v?)Cfv̂Fv9*vAvtv=vzv&GCRGQfv(f|v#

(5)Pierre Crosson, «Future Supplies of Land and Water for World Agriculture,» in: Nural

Islam, ed., Population and Food in the Early Twentieth Century (Washington, DC: International Food

Policy Research Institute (IFPRI), 1995).
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Fv%v?,hvv(fGyvAvwv9y+rGyv=v+v8v+v?Cfv̂Fv9@vAvJv}vzv&GAvwv(|v9Jpv,GyvOhdGyv"v9|v+v?|v#Fv%v?
Cvvvv9!vvvv+?.h!vvvvdvvvvQG

k
E]CGvvvv+vvvv?GyvvvvAvvvvwvvvv9y+rGCQ@vvvvqvvvvgvvvv?hivvvv+vvvvQGCtvvvv=vvvv(yvvvv?|vvvv#svvvv=vvvv{G:svvvvAvvvvZvvvv9O*vvvv_

hG:LvAvZv9Yv+v_GCAvgvzvtv?<vAvz|v_=v+vhGyvtv(iGyvwv9|v"v?pv,CQVGCJv9Yv+v{hOLv(yv%v9pv,
Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?,!vvQi|vv#Gyvv]vvQhQI<vv}vvwvv9fEyvvtvv9AGyvv]vv(Afvv̂C!vv(Gfvv%vv9GCMvvAvvzvvqvv?GyvvAvv,
IOO$9G:LAZ9Y+(f<9yA9[:

(1)Gyt+}?GCQ@qg?y~QV

yvvtvvOh\
v
vvKG@vvOhdQsvv~(4vvvvv2)CfOhdC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?hGyvvwvv9Q*vv=vv,hCpvvQ*vvtvv+vv9

GyvvZvvJvvQGh*vv?PGJsvv(Ivvv9|vv"vv?pvv,CQG\vv+vv%vv9<vvzvvjvvB48pvv,GC8vv?h44pvv,GC8vv?fvv̂GyvvAvv(G[.
hvvv}vv9PvvvQpvv,GyvvqvvtvvQIGyvvTvv9<vvtvv?C!vv&<vv(Fvv(O!vvdvv9e:vv9QIRQGfvv,fvv9C,Fvv+vvOpvvTvv(a*vvQ@vvqvvh
fvvQVG}QVGyvvgvv9C,,E:C!vv&pvv,GAvvtvv+vvtvv?$vv"vv9cGyvvwvvDvv+vvQ|vv#Ivvwvv(|vv9JGyvvOhdGyvv"vv9|vv+vv?,
h}Svvv=vvv9HSvvv+vvv9Svvv+vvv?|vvvAvvv=vvv9*vvv"vvv?,:@vvvQivvv><vvvAvvvgvvv9OdGyvvvtvvv(IGyvvvwvvv9|vvv"vvv? !vvvAvvv9LGCJvvv9Yvvv+vvv{pvvv,
CQG\v+v%v9|vhCQG\v,iv+vQ$v9G!vav;sv9

k
|v#|v=vOEGQ@vqv9Y!vOQI|v(QOG}QV,fv̂GyvQiv~|v#

@vv(GpvvQ|vv8vv9J|vv;*vv_Gyvv%vvwvvAvv9QGJPGJGyvvtvv(IGyvvwvv9|vv"vv?Gyvvgvv9y+?pvv,G}svv9y+~G}LvvQi.pvv}vvDvv;
k

*vvdvv%vvQ!vv}vv(PL_vvzvv>GyvvjvvPGApvv,BSvv+vv9R*vv9OI|vvTvvAvvtvv=vvz+?vvv=vv+vvQIfvv̂GyvvjvvPGApvv,Ivv_Gyvvtvv(I
Gyvvwvv9|vv"vv?}QVIvv9Yvv+vvzvv%vv9IvvOhOI,yvvPGCOQvvvBGAvvwvv(|vv9Jpvv,$vvPgGyvvOhdGQ@vvqvv9Y!vvOQI
G}QV<vv9yvvQivv~|vv#hFvv(O|vv8vv9JGC;*vv_|vv#Gyvv%vvwvvAvv9QGJPGJsvv(Ivvv9|vv"vv?|vvQ@vvqvvgvv?pvv,
Cs9y+~C|Q*w9Gy;@+"+?hCpQ*t+9hGyOhdGCAa(QI.

(2)GyAw9y+rG:sAZ9O*?vvvvvGy=+8+?yzqQY?Gy=O*z?

*vvtvvZvvO<vv9Yvvavv;M@vvwvv9y+rGyvvqvvQYvv?Gyvv=vvO*vvzvv?Gyvvgvv9FvvOGC]vvJqvv)<vv&!vvdvv+vvQGSvvAvvMvvOGeGC(QO
pvvv,<vvvO*vvv{BLvvvQ.hvvvv}vvv9PvvvvQSvvv9<vvvtvvv9

k
,svvvOQJ|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?pvvv,GyvvvgvvvtvvvO

G}Lvvv+vvvQ|vvv#GyvvvtvvvQfGC9\vvv,|vvvTvvv9Ivvv?CQG\vvv,GCQGfvvv,hGyvvvjvvv9<vvv9Jpvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?(fvvvOG
GyvvvZvvv_)<vvvvv3,8|vvvz+9Q$vvvwvvvAvvv9Q|vvv"vvv%vvv91,8|vvvz+9Q(47,36pvvv,GC8vvv?)yvvvO9vvv9svvvOQIfvvv̂E!vvvAvvv9L
GCJvv9Yvv+vv{.hpvv,Ivv9yvv?EOLvv9d$vvPgGCTvv9Ivv?pvv,E!vvAvv9LGCJvv9Yvv+vv{GSvvAvvGvv9<vv?yvv"vv}vv(PL_vvzvv>
GyvvvjvvvPGA,pvvvTvvv(a@vvv"vvvMvvvqvvv̂CQG\vvv,GCQGfvvv,hGyvvvjvvv9<vvv9Jpvvv,$vvvPgGyvvvOhd<vvv9yvvv"vvvTvvv=vvv?GCPvvvv(QI
(1,8<vvvvz+(f$vvvvwvvvvAvvvv9Q/3,8<vvvvz+(f$vvvvwvvvvAvvvv9Q).hvvvvv}vvvv9PvvvvvQ!vvvv9B!vvvvqvvvv9

k
D:vvvvQpGC"vvvvdvvvv}vvvv?GCPvvvvv(QI

ESvvtvv9_vv9Jyvvzvvavvzvv>GCTvvAvvtvv=vv\yvvwvv{|vv#Cfvv;aGAvv+vv(G!vv9JhGC"vvAvvGvv9JGyvvjvv9<vv(*vv?pvv,!vv}vv(PL
_vvzvv>GyvvjvvPGAGCTvvAvvtvv=vv\,E:C8vv9GsvvAvvQIvvB,hsvv9yvvB:Ef!vv}vv(OLvv{G}pvvQGOhR*vv9OICfvvOGO
GyvTvwv9f,h<vMv9Yv?pv,GyvOhdGyv"v9|v+v?,Sv+vtv(OGfE]R*v9OIGyvavzv=v9JGCPvv(QI<vDv=v9J,EfD
*vvwvv#<vvJvvOIIvvAvv)fvv9e2010.pvv,Ivv9d@vv(Gpvvu$vvPgGyvvavvzvv=vv9J|vvhGyvvAvvwvv9y+rG:svvAvvZvv9O*vv?vvvvv
Gyvvv=vvv+vvv8vvv+vvv?GCtvvv=vvv(yvvv?hfvvv"vvvOGSvvvAvvvgvvv}vvv9dGyvvvvvvv47pvvv,GC8vvv?|vvv#CQG\vvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?GyvvvQfvvv(*vvv?
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hGyvvjvv9<vv(*vv?,pvv+vv}vvwvv#$vv"vv9<vvZvv+vv[|vvTvv9Ivv9J|vvgvv+"?|vv#G}QVE]G:SvvAvvgvv}vv9:JGyvvAvv,
@vAvavzv>R*v9OGJ|v;Fv}v?pv,iv;dGAv+v(G!v9JhG}LvWv9Hfv̂G}QG\v,GyvQfv(*v?hGyvjv9<v(*v?
GCAv=vtv+v?(53pv,GC8v?),pv{PGD@vTvAvavhCQG\v,GCJv9Yv+v{GCAvtvzvZv?;vtv+vuR*v9OGJvv9pv+v?pv,
Gyvjv;dhiv+vQ|vtv"vgv?h|v;Fv}v?,pv;<vO|v#Cf@vROGO_vzv=v9J|v"vAvGv9JGAv+v(G!v9JhGyvjv9<v9J,
h<vvv9yvvvAvvv9[@vvvAvvvJvvv(d@vvvwvvv9y+rGyvvvqvvvQYvvv?Gyvvv=vvvO*vvvzvvv?|vvv#CQG\vvv,GCQGfvvv,hGyvvvjvvv9<vvv9JE]CQG\vvv,
GCJ9Y+{GyA,SAQ@qh@w9y+q%9h@Z=K<9yA9[IOOIygQVG}QV !A9LGCJ9Y+{.

@vvvtvvv(Ofvvv}vvvz+?;vvv(qdCQG\vvv,GCQGfvvv,hGyvvvjvvv9<vvv9JE]CQGV
m

 !vvvAvvv9LGCJvvv9Yvvv+vvv{hE]
hFvv(Ofvv}vvz+?@vvjvv+vvQpvv,h\vvh$vvPgG}QG\vv,.h:*vv(FvvOSvvgvvQyvv%vvPGGyvvAvvJvv(dChGyvvAvvjvv+vvQ
GC%vv~|vv#Gyvv"vv9Ivv+vv?G:FvvAvv}vv9fvv+vv?,!vvdvvQG

k
E]Cf$vvPgG}QG\vv,<vvJvv9yvvAvv%vv9G}h]vvv9!vvB@vvWvvwvv{

|vv(_vv"vv9
k

|vv%vv}vv9
k
yvv~!vv(GYGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?PGsvv+vv}vv?vvv=vv+vvQI*vvtvvOQ$vv9GyvvZvv+vv9OhfhGyvvTvv9FvvJvv(f

GyvvP*vv#*vvOpvvgvv(f<vv;*vv_GyvvOh:QGJyvv;SvvAvv}vvAvv9Y<vvMvvO|vv9J$vvPgGC(G_vv#,h<vv9yvvAvv9[@vvTvv=vv>
f}z+?;(d$PgG}QG\,@w9y+rpQY?<O*z?f9y+?<9yQi~|#C89i+Q|TgqQI.

vvPyvx@vTv=v>fv}vz+?@v"vdv+vrCQG\v,Gyvjv9<v9JGCJv(qyv?E]CQGV
m

 !vAv9LGCJv9Yv+v{
@vvwvv9y+rGyvvqvvQYvv?Gyvv=vvO*vvzvv?<vvTvv=vv>pvvtvvO$vv9G}!vv(GYGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?,pvvtvvOCVvv9Qh*vvzvvTvv(f

(Wilson)fv9e1989E]<vJv+vQIG@v+"9JGyv"v=v9@v+?hGAv+v(G!v+?vv}vMvRfyvzvZvJv?Gyv=v+v8v+v?hsv9d
fvv"vv%vv9E8vv9:z|vvZvvOQvvv9|vv#hGSvvhhivv+vvQIvvOhO|vv#GyvvZvvJvv?*vvtvvOeGyvvjvvPGAhGyvvOhGA,pvv%vv(
CvQhI:v9Q*v?|v%v}v?y.yvtvOGfvAv=vQIvZvQh*vzvTv(fyv%vPgGyv=vJv+vQIhGSvgv9

k
fv̂GyvQiv~|v#fvOe

svvOQICjqvvv9ffvv̂@vvtvvO*vvQGyvvtvv+vv}vv?G:FvvAvv}vv9fvv+vv?yvv=vvJvv+vvQIG@vv+"9J$vvPg!vvdvvQG
k

E]fvvOe|vvgvvQpvv?
fvvOOG}!vv(GY<vvOsvv?pvv+vv%vv9,<vv9yvvQivv~|vv#@vvtvvO*vvQgyvv%vv9<vvvv1,4vvvvv30|vvz+(f!vv(Y(6).h<vvjvv̂
Gyvv"vvdvvQfvv#IvvGvv~Gyvv=vvJvv+vvQIGCPvvv(QI,pvvtvvOC=vvhGCMvvAvvZvv(ffvv̂GCTvvAvv(iGyvvOh[<vv]vvQhQI
GCJ9pd?fz+%9p,h\g%9GA9[Iq9c9

k
f^I9\Qh|TAt={GCGA}hGy=WQj.

vvvvPyvvvx@vvvgvvvAvvv=vvvQGyvvvjvvv9<vvv9JhG}QG\vvv,GyvvvQ_vvv=vvv?PGJsvvv+vvv}vvv?GFvvvAvvv}vvv9fvvv+vvv?vvvv=vvv+vvvQI!vvvdvvvQG
k

E]
LvvO|vv97vv9GCQ@vv=vvavv?<vv9yvvOhQIGyvv%vv+vvOQhy+wvv+vv?,EPKvvQjGC9A|vv#CQVGyvvjvv9<vv9J<vvWvvwvv{

m
C<vvavvz

|v#FvQ*v9!v&pv,G}QVGyv"vdv+vqv?|v#Gyvjv9<v9J(CQVGCJv9Yv+v{),h<v9yvAv9[@vtv(eGyvjv9<v9J
<OhQGCT9fOp,@gO*{Gyq+]9!9JGC(S}+?Gy"9:?f#Gyg(GYrh@Opu|+9gG}89Q.

EfIvvvvtvvvv(b|vvvvzvvvvwvvvv+vvvv?$vvvvPgGBvvvvO|vvvv9JGyvvvv=vvvv+vvvv8vvvv+vvvv?GCMvvvvAvvvvzvvvvqvvvv?}QG\vvvv,GCQGfvvvv,hGyvvvvjvvvv9<vvvv9J
hG}QG\v,GyvQ_v=v?,\vgv+vqv?FvOG

k
$vPGEfhFvOJCYv;

k
,h<v9yvAv9[:@v(FvOCSv(GbfvQV

h_vvvzvvv>yvvv%vvvPgGBvvvO|vvv9J.h*vvvtvvv(Oivvv+vvv9HCSvvv(Gb$vvvPgGBvvvO|vvv9J|vvv9yvvvwvvv,CQG\vvv,Gyvvvjvvv9<vvv9J

(6)E. O. Wilson, «Threats to Biodiversity,» Scientific American (September 1989).
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hGCQGfvvv,(GCRGQfvvv(f)E]fvvvOe@vvvtvvvO*vvvQGyvvvtvvv+vvv~G:FvvvAvvv}vvv9fvvv+vvv?yvvvAvvvJvvv(*vvv{CQG\vvv+vvv%vvv~|vvv#Yvvv(QI
ivv9<vv9Jh|vvQGY

m
E]Yvv(QIIvv9Yvv+vv{.hyvvwvv#<vvOCJGAvvQvvv?Gyvv=vv+vv8vv+vv?Gyvvgvv9C+vv?<vvAvvTvvGvv+vv{Gyvvtvv+vv~

G:FvvAvv}vv9fvv+vv?yvv%vvPgGBvvO|vv9JGyvv=vv+vv8vv+vv?h@vvtvvO*vv}vv%vv9E]G}Svv(Gb.hCLvvPJ$vvPgGAvvQvvv?Gyvv=vv+vv8vv+vv?
Gyvgv9C+v?GyvAv,@v]v~G6fCfv]v9AkPhj!vqv(Ppv,GCGvAv}vhGyvOh[,<v9yv]vjvbfv̂vv{|v#Gyv=v"vx
GyvOh[hGyv(vv9yv?GyvOhy+?yvzvAv"v}v+v?pv,Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?,hGyv(vv9:JGCWv96v?pv,
GyvOhdGCAvav(QIG}LvQi,hIvwv(|v9JGyvOhdGyv"v9|v+v?yv(\vh|vQGsv=v?pvgqv9yv?fv̂fv}vz+?;v(*v{
CQVGyvvvjvvv9<vvv9JhGCQGfvvv,E]CQV

m
yvvvzvvv}vvvJvvv9Yvvv+vvv{,hPyvvvx>vvv9*vvv?yvvvzvvvtvvv+vvv~Gyvvv=vvv+vvv8vvv+vvv?GCMvvvAvvvzvvvqvvv?

GCJvvOOI.h|vv9G@vv%vv(OGC=vvPhyvv?G6fyvvzvvJvvqvv9Xfvv̂ivv9<vv9JG}|vv9Rhfpvv,Gyvv=vvQGR*vv{hGyvvjvv9<vv9J
G !vvOh!vv+Tvv+vv?,E:|vvDvv9:

k
yvv%vvPGGyvv]vvjvvbhGCQGsvv=vv?Gyvvgvv9C+vv?.$vvPgGCQGsvv=vv?Gyvvgvv9C+vv?Gyvvqvvgvv9yvv?yvvgvv}vvz+?

;vvv(qdCQG\vvv,Gyvvvjvvv9<vvv9JhGCQGfvvv,hG}QG\vvv,GyvvvQ_vvv=vvv?E]CQGV
m

 !vvvAvvv9LGCJvvv9Yvvv+vvv{Svvv(a
<q^Gyt(IGyw9|"? !A9LGCJ9Y+{f}9$,fz+&p,G@OhdQs~(4vvvvv2).

(3)@w9y+rGy="+?GyAJA+?

@vvtvvh|vvgvvdvv~Gyvvtvv(IGyvvwvv9|vv"vv?yvv~QVGyvvRQGfvv+vv?pvv,C|vvQ*vvwvv9G@vv"vv(<vv+?pvv,GC"vvavvtvv?GyvvQ_vv=vv?
h$vvvv,<vvvvgvvvv+vvvvOIFvvvvOG

k
fvvvv#G}Svvvv(GbGCJvvvvz+?yvvvvOhd$vvvvPgGC"vvvvavvvvtvvvv?,hvvvvvPyvvvvxfvvvv#G}Svvvv(Gb

GBvvv9QFvvv+vvv?,hPyvvvx<vvv9Ctvvv9Q!vvv?|vvvhG}QG\vvv,GCRQhfvvv?Ivvv9y+9
k
.vvvv}vvv9E8vvv9\vvvgvvv+vvvqvvv?G:@vvvZvvv9d

<vvv9yvvvavvvQbGyvvv=vvvQ*vvv?hGAvvvO*vvvO*vvv?hG@vvv(*vvv?GCQ@vvv=vvvavvv?<vvv9}Svvv(GbGCPvvvv(QI.GyvvvtvvvZvvv(QGCPvvvv(Qpvvv,
hSv9FvbGyv"vtv{pv,CpvQ*vtv+v9*vgvAv=vQfv9|v;

k
IvOqG

k
yvqvAvKhGSvAvDv}v9QG}QG\v,G@vO*vOIpv,G !vAv9L

GyvvvRQGfvvv,,CvvvvDvvvQFvvv9$vvv(GAvvv9dpvvv,OhdC|vvvQ*vvvwvvv9G@vvv"vvv(<vvv+?.<vvvJvvvTvvv>@vvvtvvvQ*vvvQGCGvvv}vvv(fvvv?
G:SvvvAvvvWvvv9Q*vvv?yvvvzvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvvgvvv9C+vvv?(CGIAR)fvvv9e1988*vvv(FvvvOpvvv,Gyvvvvvvv14Ohyvvv?
CpvvQ*vvtvv+vv?|vvjvvzvvtvv?G}QG\vv,Ivv(G]206B:avvv~|vv#GyvvavvQbGyvv=vvQ*vv?hGAvvO*vvO*vv?,<vv"vv+vvBpvv,
fvv%vvOG:SvvAvvgvv}vv9QG}hQhN6vvOahYvv{GC"vv9_vvuGyvvOGLvvz+?yvv%vvPgGyvvOhd<vv9C(G!vvrGyvv=vvJvvQ*vv?
yvAvz|v_@vOpvtv9JGyvAvZvO*vQhG:SvAv+vQGO.h@vQ@v>fv̂PyvxfvOehFv(OCjQ<vbIvO*vOjCh
<vvQj<vv+#CpvvQ*vvtvv+vv9Gyvv(Svvavv)h|vv(G!vvrGyvv=vvJvv9Q!vvdvvQG

k
E]<vvgvvOGCTvv9pvv?<vv+"vv%vv}vv9,h<vv9yvvAvv9[pvv%vv"vv9c

Yg(<9JIt+t+?yAa(*QGC(GQOG}Q\+?y~iQGVGyRQGf+?p,$PGG sz+~(7).

hyvvvOiIvvvTvvv9H@vvvwvvv9y+r<vvv"vvv9Ah@vvv(pvvv+vvvQGyvvv=vvv"vvv+vvv?GyvvvAvvvJvvvAvvv+vvv?(_vvvQbGyvvv"vvvtvvv{hGC(GYvvv;J
<vvvMvvv9Yvvv?)Gyvvv;R|vvv?yvvvAvvvJvvvQ*vvvxGCOLvvv;JhGCMvvvQFvvv9J\vvv}vvv#Esvvvz+}vvv,C|vvvQ*vvvwvvv9G@vvv"vvv(<vvv+?
hCpvvQ*vvtvv+vv9vvvGvvRA|vv#@vvwvv9y+r;vvtvv+vvuGyvvtvv(IGyvvwvv9|vv"vv? !vvAvv9LGCJvv9Yvv+vv{pvv+vv%vv}vv9,h<vv9yvvAvv9[

(7)G!vvvvvvvvvvvvvvvvvvvvdvvvvvvvvvvvvvvvvvvvvQ:TAC/Consultative Group on International Agricultural Research (CGIAR),

«Sustainable Agricultural Development: Control of Soil Degradation in the Arid, Semi Arid and

Humid Tropics,» (ICRISAT, Rome, 1988).
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;v}v+v{$vPgGyvAvwv9y+rfv̂GyvAvwv9y+rG:svAvZv9O*v?}QVGCJv9Yv+v{G@vO*vOI,*v}vwv#GCQA
Cf*vvAvvZvv(QCfIvvGvv~$vvPgG}QG\vv,G@vvO*vvOIyvvzvv}vvJvv9Yvv+vv{Svv+vvwvv(fCsvv{vvvDvv+vvQG

k
Fvv9GsvvAvvQM

hPvQp,G@OhdQs~(4vvvvv2).

(4)@w9y+r@O$(QG}QG\,

*vtv(O@vqvAv+vBh@vgvQ*v?SvavKGyvAvQH|v#sv=v{GCRGQfv_h<vTv=v>G:!vGvQGpv9JGC9Fv+v?E]
CLvvavv9QfvvO*vvOI,|vv"vv%vv9:@vvtvvz+[fvv}vvQGyvv=vvJvv+vvQGJ<vvTvv=vv>Gyvvavv}vv,GCAvvTvv9QY,hLvvqvv̂!vvTvv=vv?
hQhOGC9A|vv#Gyvvtvv"vv(GJ<vvTvv=vv>hFvv(OG}hIvv9dhGyvvavv}vv,,hR*vv9OICLvvavv9QGyvvqvv+vv]vv9!vv9J
<vvTvv=vv>GQ@vvqvv9YGyvvAvvQSvv=vv9JIvv(d\vvqvv9aG}8vvQhG}Lvvavv9QGCJvvOsvv?<vv9}Svv}vv9cpvv,G}8vvQ
hG@vvvOGhd.E]G6fDKvvvQp@vvvtvvvO*vvvQGyvvvAvvvwvvv9y+rGyvvvAvvv,;vvvOCvvv%vvv9$vvvPgG}Lvvvavvv9Qfvvv̂GCTvvvAvvv(i
Gyvvgvv9C,,E:CfGyvv=vv9IvvEE*vvwvv%vv(D(Eckholm)fvv9e1976<vv+v#|vv#Lvv;d@vvtvvZvv+vv&|vv9vvvAvv>
pv,$vPGGCGv9d,GQ@vqv9Y|vDv{$vPgGyvAvwv9y+rh<vMv9Yv?pv,GyvOhdGyv"v9|v+v?hsvOC*vOJPyvx
@t9Q*QGy="xGyOh[GAO*D?(8).

HvvvvvGy=gOGy"(f,ygQVf"ZQG}QV

*vtvZvO<v9yv=vgvOGyv"v(fv,yvgvQV|v(QOG}QV=v+vhG FvQGAGJGyvAv,@vtv(OE];vTv_
!v(fv+v?$vPGGC(QOpv,G !vAv9LGyvRQGfv,,fv#_vQ*vu<v"v9AGC9OIGyvgv]v(*v?,h;vTv_$v+vwvzv%v9
hR*vvvv9OIfvvvvQVfvvvv"vvvv9YvvvvQ$vvvv9GyvvvvjvvvvPGFvvvv+vvvv?,h;vvvvTvvvv_|vvvvTvvvvAvvvv(iGC9AG}Q\vvvv,hivvvv+vvvvQ$vvvv9|vvvv#
G FvQGAGJGyvAv,@vR*vO|v#E!vAv9Fv+v?hIvOIG}QV.h*vgv(OGyv=vgvOGyv"v(fv,yvgvQVG}QV
E]LvvvZvvv9Fvvv[GyvvvAvvvQ<vvv?,vvvv"vvvTvvv=vvv?GC9OIGyvvvgvvv]vvv(*vvv?,hfvvv}vvvuGyvvvAvvvQ<vvv?hIvvvAvvv(G$vvv9|vvv#Gyvvvgvvv"vvv9YvvvQ
GyvjvPGFv+v?,h|vTvAv(iGC9AG}Q\v,hIvGv~GyvwvDv9pv?h(Ph).hvvzv}v9vv9!vB$vPgGBvZv9Fv[

|vv;Fvv}vv?yvv"vv}vv(Gyvv"vv=vv9Jvvv9!vvB!vv(fvv+vv?G}QV|vvQ@vvqvvgvv?yvv5!vvAvv9LGyvvRQGfvv,.hKvv>GyvvAvvqvvQ*vvu$vv"vv9
<vvv+#R*vvv9OIfvvv"vvv9YvvvQGyvvvAvvvQ<vvv?GCAvvv}vvvDvvvzvvv?<vvv=vvv"vvv9AGC9OIGyvvvgvvv]vvv(*vvv?,GyvvvAvvv,@vvvtvvv(OE]R*vvv9OIfvvvQV
G}QV,h<vv+#R*vv9OIG !vvAvv9Fvv+vv?yvvzvv%vvwvvAvv9QGyvv(GQOI|vv#R*vv9OIE\vv9pvv?G}Svv}vvOIChGyvvgvv}vv9yvv?
hGCOLv;JG}LvQi,hGyvAv,<v}vGv}v(fv%v9:@vtv(OE]R*v9OIfvQVG}QV,hE!v}v9@vtv(O
E]R*vvv9OIG !vvvAvvv9Fvvv+vvv?hG !vvvAvvv9L.h@vvvgvvvRi$vvvPgGyvvvR*vvv9OIG !vvvAvvv9Fvvv+vvv?hG !vvvAvvv9L,yvvvOiE\vvv9pvvv?
G}Svvvv}vvvvOIhGCOLvvvv;JG}LvvvvQi,E]R*vvvv9OIfvvvvQV$vvvvPgGCOLvvvv;Jh$vvvvPGC|vvvvQIvvvv+vvvv(j
yvvR*vv9OIG !vvAvv9LGyvvRQGfvv,GCTvvAvvtvv=vv\pvv,Gyvvgvv9D.fvv}vv(|vv9

k
*vv}vvwvv#R*vv9OIfvvQVG}QVfvv=vvQ

Gy=gOGy"(f,<aQ*tA_G9:

(8)Erik P. Eckholm, Losing Ground: Environmental Stress and World Food Prospects (New York:

Norton, 1976).
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vvvvv@vvvvtvvvvz+[ChLvvvvqvvvv̂GCgvvvvO:JGAvvvv9y+?yvvvvAvvvvO$vvvv(QG}QV6vvvvOa:vvvv"vvvv>@vvvv"vvvv9svvvv[

G !A9F+?.

vvvvv;T_L(GUGyAQ<?GCAO$(QII9y+9
k

6OaR*9OIG !A9F+?.

hp,|9*\@(\+KywzA9GyaQ*tA_:

(1)Lq^GCgO:JGA9y+?yAO$(QG}QV

@vvvAvvvqvvvuGyvvvAvvvgvvv9Q*vvvrGCAvvvgvvvOOIyvvvAvvvO$vvv(QG}QVpvvv,GyvvvAvvvZvvv(QGyvvvAvvv9[Cqvvv%vvv(eGyvvvAvvvO$vvvvvvv(Q:
GyvAvjv+vQGJGAv9Yvzv?pv,LvZv9Fv[GyvAvQ<v?GyvAv,@vtv(OE]Lvqv̂E!vAv9Fv+v?Gyv%vwvAv9Qpv,G !vAv9L
Gyvv"vv=vv9OSvv(GACvvv9fyvvzvv}vvJvv9Yvv+vv{CeG}fvv;aChGBvv]vvQ...GyvvN.(h$vvPG|vv9!vvgvv"vv+vv&!vvJvv#
<AO$(QG}QVp,$PGGywA9H).

h*vAvavzv>@vtvO*vQ|vgvO:JLvqv̂!vTv>@vO$v(QG}QVGAv9y+?fv̂GCTvAv(iGyvOh[
|vvvgvvvQpvvv?|vvvgvvvO:JGyvvvAvvvO$vvv(QGAvvv9y+?Gyvvvdvvv9$vvvQIhGyvvv=vvv9_vvv"vvv?(ivvv+vvvQGCgvvvQhpvvv?).yvvvtvvvOsvvvOqQ<vvvQGhf

(Brown)hhhyvvr(Wolf)fvv9e1984@vvqvvAvvBGyvvAvvQHGyvvgvv9C+vv?GCqvvQW<vvvv25,4<vvz+(f_vv#,
hpvvvvvvv,fvvvvvvv9e1990<vvvvvvvvv24<vvvvvvvz+(f_vvvvvvv#,hCv

q
vvvvvvvOGSvvvvvvvtvvvvvvv(WG}CvvvvvvvQGCAvvvvvvvQGvvvvvvvv~fvvvvvvv̂ivvvvvvv;d

GCJvvZvv(d(9).Ef@vvtvvO*vvQGyvv=vv9IvvDvv_IvvGqvv~@vvqvvAvvBGyvvAvvQHGCqvvQW<vvvv25,4<vvz+(f_vv#|vv=vv"vv,
pvv,GAvvtvv+vvtvv?fvv̂@vvtvvO*vvQGJGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,h<vv9yvvPGJfvv̂G:SvvAvvtvvZvv9Fvv_
GyvvvvzvvvvP*vvvv#CfvvvvO7vvvv}vvvv9|vvvvO*vvvvQ*vvvv?IvvvvqvvvveGyvvvvAvvvvQ<vvvv?(Soil Conservation Service (SCS))pvvvv,hRGQI
GyvvRQGfvv?G}|vvQ*vvwvv+vv?fvv9|vv,1977h1982,hsvvO

v
|vv9!vvAvv9FvvH|vvAvvWvv96vv?hGyvv=vv9yvvjvv?11_vv#/

$vwvAv9Q/GyvTv"v?,h<v9yvAv9[CYv=vJvB$vPgGyvwv}v+v?GCAvqvAvAv?sv9fvOIh|vtv+v9Sv9
k
yvzvJvTv9H.h<vjv̂

Gyvv"vvdvvQfvv#Osvv?IvvTvv9HGyvvgvv9|vvz+#pvv,|vvO*vvQ*vv?IvvqvveGyvvAvvQ<vv?G}|vvQ*vvwvv+vv?,:*vv}vvwvv#@vvgvv}vv+vv~
$vvPGGCtvv+vv9SyvvzvvAvvqvvAvvBfvv̂GyvvOhdG}LvvQi,EPEfGyvvgvv;svv?<vv+#@vvqvvAvvBGyvvAvvQHhG !vvAvv9Fvv+vv?
|vvgvvtvvOIh|vvAvvjvv+vvQI<vv+#G}svv9y+~h<vv+#|vv"vv9_vvuGyvvOhyvv?Gyvv(GIvvOI.vvvPyvvxsvvOqQGyvv=vv9IvvDvv9f<vvQGhf
hhyvvvrIvvvGvvv~GyvvvAvvvqvvvAvvvBpvvv,Gyvvv%vvv"vvvOfvvv9e1984hpvvvtvvv9

k
yvvvzvvv}vvvtvvv+vvv9SGCTvvvAvvvMvvvOepvvv,Gyvvv(:*vvv9J

GCAvJvOIG}|vQ*vwv+v?,E:C8v}v9:Ivdv9<v9yv"vTv=v?E]GyvZv_CfGyv"v%vQG}YvqvQpv+v%v9Lv}v{|v#
GyvQSv(<v+9JCvvDvQFv9Lv}vzv&8vQGyvjv9!vHpv,Gyv%v"vO,h<v9yvAv9[GSvAv"vAvGv9CfIvGv~GyvAvqvAvBpv+v%v9
Cv=Q|"&p,Gy%"O<"T=?@Z{E]30p,GC8?.

yvvtvvO<vvzvvvvvvkGyvvAvvqvvAvvBGCqvvQWpvv,vvvvvvv{|vv#GyvvOhdG}Q<vvhGyvvwvv=vv+vvQI(Gyvv(:*vv9JGCAvvJvvOI
G}|vvQ*vvwvv+vv?hG:;vv9OGyvvTvv(pvv+vv9OGyvvTvv9<vvuhGyvv%vv"vvOhGyvvZvv_)svvQG<vv?13,2<vvz+(f_vv#/GyvvTvv"vv?.

(9)Lester R. Brown and Edward C. Wolf, Soil Erosion: Quiet Crisis in the World Economy,

Worldwatch Paper; 60 (Washington, DC: Worldwatch Institute, 1984).
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h$vvPgGyvvOhdG}Q<vvh;vv(j52pvv,GC8vv?|vv#|vvTvv9Ivv?CQVGCJvv9Yvv+vv{Gyvvgvv9C+vv?.h<vv9fvvAvv}vv9O
<vQGhfhhyvr|vtvOGQGyvAvqvAvBGCqvQWyv(IvOICQVGCJv9Yv+v{(Gyv%vwvAv9Q)hCAv(SvbGyvwv}v+v?
GC(Fvv(OIpvv,GyvvOhdG}Q<vvhGyvvwvv=vvQi,pvvtvvOsvvOqQGIvvGvv~GyvvAvvqvvAvvBGCqvvQWyvvzvvAvvQHpvv,Gyvvvvvv48
pvv,GC8vv?|vv#|vvTvv9Ivv?GCJvv9Yvv+vv{GCAvv=vvtvv+vv?pvv,Gyvvgvv9D<vvvv12,2<vvz+(f_vv#/GyvvTvv"vv?hy+Zvv=vvK
GCG}(YGyw\25,4<z+(f_#v}9PvQp,Gy=OG*?.

|vv#G}Gvv+vv?<vv}vvwvv9fpvv,Svv+vv9b@vvO$vv(QGyvvAvvQHG Vvv9QIE]OQGSvv9JGyvvgvv9D|vv9<qvv(J
(Mabbutt)fvvv9e1984,Ivvv+vvvEG$vvvAvvv~<vvvGvvv}vvv+vvvhCVvvvwvvv9d@vvvO$vvv(QG}QVLvvv;a@vvvqvvvAvvvB

GyvvAvvQH,hC_vvzvvufvv̂fvv}vvzvv&GYvvavv;MGyvvAvvZvvJvvQ,hsvvO<vv"vv)fvv}vvzvv&fvv̂GAvvZvvQ(Survey)
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p,Gyt(IGyw9|"?G !A9F+?).
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E]GyvvZvvqvvQ,vvv}vv9Ef$vv"vv9cSvvAvv?|vv;*vv_$vvwvvAvv9QCLvvQiSvv"vv(*vv9
k
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p,@O$(QG}QG\,|#i+Q$9|#|"9_uGyg9D(10).

pvv,fvv9e1989_vv(qQGyvv=vv9IvvDvv9fByvv#(Allen)h<vv+Wvv(H(Bishop)|vvgvv9Oyvv?pvvtvvOGyvvAvvQH
GyvWv9|vzv?GC}vDvzv?Av9:JivQHCpvQ*vtv+v9,yvAvtvO*vQ@vqvAvBCQVGCJv9Yv+v{pv,Ohyv?|v9[GyvAv,
*vgv}v{CvzvESvwv98v9pv,GyvRQGfv?.Cv~GSvAvMvO|v9<vgvOPyvx|v(O*v;JG:Q@v=v9W(Regression

Models)yvvvvgvvvv;svvvv?@vvvvqvvvvAvvvvBGyvvvvAvvvvQHvvvvvpvvvvtvvvvOGyvvvvjvvvv;dGCavvvv(qQIpvvvv,GCgvvvv%vvvvOGyvvvvgvvvv9C,yvvvvzvvvvRQGfvvvv?
G:SvvAvv(GFvv+vv?pvv,!vv+Gvv+vvQ*vv9(International Institute for Tropical Agriculture (IITA))6vvOa
@vvvtvvvO*vvvQCCvvvQGyvvvAvvvqvvvAvvvBLvvv;dfvvvWvvvQSvvv"vvv(GJpvvv,GyvvvOhyvvv?GCPvvvv(QI.yvvvtvvvO\vvv~qGC(O*vvv{GCPvvvv(Q

(10)J. Mabbutt, «A New Global Assessment of the Status and Trend of Desertification,»

Environmental Conservation, vol. 11, no. 2 (1984).
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E|w9!+?@tO*QIG~G}QVGCAO$(QI,
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|vvQFvvgvv+vv9
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fvv̂@vvO$vv(QG}QG\vv,,h<vv+q#Cf
$vv"vv9c|vvgvvzvv(|vv9Jsvvz+zvv?fvv#G|vvAvvOGOhVvvOIGyvvAvvO$vv(Q<vv+#G}QG\vv,.hpvv,fvv9e1991C!vvGvvR
Gyv=v9IvDv(f$v9vvz+"vk(Hakkeling)hChyvO|v9f(Oldeman)hSv(|v=vQh*vx(Sombroek)Lv9Q_v?
fvv9C+vv?yvv(GsvvhGyvvAvvO$vv(Qpvv,G}QV,ivva

q
vvB|vvTvvavvJvv9

k
CQ\vv+vv9
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hsvvh<vv+#72OQFvv?Vvv}vv9:
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h57OQFv?Fv"v(<v9
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,h|vTv9Iv?<vzvjvB13013|vz+(f$vwvAv9QhsvOEvDvzvBpv+v%v9CQ<vgv?C!v(GY
yzAO$(Q$,:

vvvvvG:!GQGaGC9F,yzAQH.

vvvvvG:!GQGaGyQL,yzAQH.

vvvvvGyvvAvvO$vv(QGyvvwvv+vv}vv+vv9Fvv,CjEvvzvvKGyvvAvvQH,GAvv}vv(\vv?,GyvvAvvzvv(KGyvvZvv"vv9fvv,vvvvvGAvv]vvQj
hptOGyg"9YQGyjPGF+?.

vvvvvGyvAvO$v(QGyvqv+vR*v9Fv,CjQUChEv9SvxGyvAvQH,@vQSv>GyvAvQHGyvgv]v(*v?,SvQfv?
G!T+9HGC+9g.

(11)J. Bishop and J. Allen, «The On-Site Costs of Soil Erosion in Mali,» (Environment

Department Working Paper; no. 21, World Bank, Environment Department, Washington, DC, 1989).
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pvv,E!vvAvv9Fvv+vv?

@vvQ6vv9GCAvvO$vv(QILvv;dGyvvqvvAvvQI1950vvvvv1980<vvzvvkpvv,Ivv9Yvv+vv{GyvvPQIhpvv(dGyvvZvv(*vv9|vv9
<+#2vvvvv3p,GC8?p,ChGF{GyD}9!+"+9J|t9Q!?<9}QG\,i+QGCAO$(QI(12).

|vvvv#Fvvvv%vvvv?CLvvvvQi@vvvvqvvvv+vvvvO$vvvvPgGBvvvv9Q_vvvv?<vvvvzf84pvvvv,GC8vvvv?|vvvv#GCTvvvv9Ivvvv?GCOQhSvvvv?
|vAvO$v(QI<vWvwv{Lvqv+vr|vAv(Svb(|v"v%v938pv,GC8v?@vO$v(QLvqv+vrh46pv,GC8v?@vO$v(Q
|vvvAvvv(Svvvb).pvvv{PGGpvvvAvvvQ\vvv"vvv9Cf=vvv+vvvhG}QG\vvv,GCAvvv(Svvvavvv?GyvvvAvvvO$vvv(Q@vvvWvvv=vvv&h\vvvhGyvvv(:*vvv9J
GyvvTvvBG}|vvQ*vvwvv+vv?GyvvTvv9<vvtvv?GyvvPvvvQ,pvv+vv}vvwvv#Gyvvtvv(d,<vvJvvTvv>OQGSvv?ChyvvO|vv9f(Oldeman)

hR|vv;Fvv&,Ef|vvWvv9vvv{GyvvAvvO$vv(QGAvvtvv+vvtvv+vv?pvv,Gyvvgvv9D@vv"vvJvvZvvQpvv,16pvv,GC8vv?|vv#|vvTvv9Ivv?
GBvv9Q_vv?(|vv"vv%vv915pvv,GC8vv?@vvO$vv(QVvvO*vvOFvvOG

k
h1pvv,GC8vv?@vvO$vv(QVvvO*vvO)pvv{PGGSvvAvvavv9Y

GCQAGAvvvZvvv(d|vvv#G}QG\vvv,GyvvvWvvvO*vvvOIGyvvvAvvvO$vvv(Q(15pvvv,GC8vvv?)fvvv̂|vvvTvvvAvvv(iE!vvvAvvv9Fvvv+vvv?
G}QG\vvv,GCgvvvAvvvOyvvv?GyvvvAvvvO$vvv(Q,pvvv+vvv}vvvwvvv#GyvvvR*vvv9OIpvvv,fvvvQVG}QV|vvv#|vvvtvvv9<vvvzvvv?GyvvvR*vvv9OI
Gyvv=vvTvv+vvavv?pvv,_vvzvv>GyvvjvvPGAhpvvu!vv}vv(PL_vvzvv>GyvvjvvPGAGCOQhS|vv#svv=vv{Gyvvvvv(FAO)fvvzvv}vv9

k

Cf$PgGyOQGS?D@g}~!A9FG%9f^<t+?G}s9y+~Gyg9C+?.

C|vvv9GyvvvOQGSvvv?GAvvvO*vvvDvvv?GyvvvDvvv9!vvv+?pvvv,$vvvPGGCGvvv9dpvvvtvvvOsvvv9e6vvv9@vvvWvvv((Chou)hOQ*vvvjvvv#
(Dregne)fvv9e1992Ivv+vvEsvvOqQGvvv}vv+vv?@vvO$vv(QG}QG\vv,pvv,GC"vv9_vvuGyvvgvv9C+vv?G@vv9pvv?,Cj

GC"vv9_vvuGC"vv9Lvv+vv?G@vv9pvv?h!vvZvvrG@vv9pvv?h!vvZvvrGyvvQ_vv=vv?,|vvTvvAvvMvvO|vv_pvv,PyvvxLvv9Q_vv?
GC"vvdvv}vv?Gyvvgvv9C+vv?(UNESCO)GC(\vvJvv?yvv%vvPgGC"vv9_vvu(13).hVvv}vvzvvB@vvtvvO*vvQGJGyvv=vv9IvvDvv_
GCPvvvv(Q*vvv#vvvv;

k
|vvv#G}QG\vvv,GCQh*vvv?hGCavvvQ*vvv?hGyvvvjvvv9<vvv(*vvv?,hG}QG\vvv,RGFvvvOIG@vvvqvvv9a

hGCQh*vvv?pvvv,Gyvvv(svvvB!vvvqvvvTvvv&|vvvDvvv{|vvvZvvvQ.h@vvv=vvvzvvv(QJCVvvvwvvv9dGyvvvAvvvO$vvv(Q<vvv9yvvv"vvvTvvv=vvv?E]C!vvv(GY
G}QG\,GyD;C?G}h](*)<9yA9[:

(12)L. R. Oldeman, R. T. A. Hakkeling and W. G. Sombroek, «World Map of the Status of

Human-induced Soil Degradation: An Explanatory Note,» (Wageningen, International Soil Reference

and Information Centre, Nairobi, United Nations Environment Programme, 1991).

(13)Harold E. Dregne and Nan-Ting Chou, «Global Desertification: Dimensions and Costs,»

in: H. E. Dregne, ed., Degradation and Restoration of Arid Lands (Lubbock, Texas: Texas Tech

University, 1992).

(*)C|vv9GyvvWvvwvv{GyvvQG<vvhyvv~QG\vv,(RGFvvOIG@vvqvv9ahGCQh*vv?)pvvtvvO@vv~:vv9$vvzvv&!vvdvvQG
k

E]CfCQG\vv+vv&y+TvvBPGJ
s(Iv9|"?RQGf+?.
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1vvvvvp,G}QVGCQh*?:GyA}zKhG!GQGaGC+9g.

2vvvvvp,G}QG\,GCaQ*?:G:!GQGaGC9F,hGyQL,.

3vvvvvp,G}QVGyj9<(*?:@O$(QGyja9AGy"=9O.

C|vv9CVvvwvv9dGyvvAvvO$vv(QGyvvDvv;Cvv?G}h]GyvvTvv9<vvtvv?pvvtvvOYvv"qvvqvvBpvv,CQ<vvhOQFvv9J$vv,:
@vvO$vv(QLvvqvv+vvr,@vvO$vv(Q|vvAvv(Svvb,@vvO$vv(QVvvO*vvO,h@vvO$vv(QVvvO*vvOFvvOG
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GyA,*}w#GSAMOG|%9,hG@OhdGyA9[*gQV!T>GyAgQ*r<OQF9JGyAO$(Q.
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!T>hCVw9dGyAO$(Qp,G}QG\,

!(YG}QVGCTAMO|?!T>hCVw9d@O$(QG}QG\,(p,GC8?)

Lq+r|A(SbVO*OVO*OFOG
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|Qh*?vvvvvvvvvvvvvvvvvvvv

|aQ*?0vvvvv1010vvvvv2525vvvvv50CvDQ|#50

i9<(*?0vvvvv2525vvvvv5050vvvvv75CvDQ|#75

GCZvvvvvvvvvvvvvvvOQ:Harold E. Dregne and Nan-Ting Chou, «Global Desertification: Dimensions and

Costs,» in: H. E. Dregne, ed., Degradation and Restoration of Arid Lands (Lubbock, Texas: Texas Tech

University, 1992).
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E|vvwvv9!vv+?R*vv9OIfvvQV|vv(QOG}QVpvv,$vvPgGyvvOhdh<vv9yvvAvv9[E|vvwvv9!vv+?R*vv9OIE!vvAvv9LGyvvjvvPGA
pvvv+vvv%vvv9|vvv9<vvv+#20vvvvv25pvvv,GC8vvv?<vvv+#fvvv9|vvv,1990h2010,hpvvvtvvv9

k
Avvv9yvvv?GCgvvvQpvvv?hGBvvv=vvvQI

hGyvAvtv"v+v9JGyvRQGfv+v?GCTvAvMvO|v?Iv9y+9
k

,Lv;aGyvR*v9OGJGyvAv,*v}vwv#GAvZv(dfvz+%v9!vAv+vGv?
GyvvAvvJvvTvv+"9JGyvvAvv,svvO@vvavvQCfvv̂Gyvv"vvdvv~GyvvRQGfvv+vv?pvv,$vvPgGyvvOhd.h:EvvDvv{Gyvv"vvTvv=vv?GCPvvv(QI
yvvR*vv9OIE!vvAvv9LGyvvjvvPGA6vvPgGyvvOhdE:FvvRAG

k
|vv#GyvvR*vv9OIGyvvwvvz+?pvv,_vvzvv>GyvvjvvPGAyvv%vv9hGyvv=vv9yvvjvv?

61pv,GC8v?hpvtv9
k
yvTv+"9Q*v(Gyvavzv>fv̂GyvjvPGAGCOQhS|v#sv=v{|v"vdv}v?G}ivP*v?hGyvRQGfv?

GyvOhy+?GyvPjSv"vgvQ\v&pv,GyvqvZv{GyvQG<vhfvWvQ.|v#Fv%v?CLvQi*v}vwv#GyvOhdGyv"v9|v+v?Cf
@vvjvvavv,FvvRAG

k
BLvvQ|vv#GyvvR*vv9OIpvv,_vvzvv>GyvvjvvPGAfvv#_vvQ*vvuGSvvAvv+vvQGOGyvvjvvPGAGyvvqvv9Fvv̂pvv,

GyvvOhdGCAvvavv(QI,Ivv+vvEEfsvvTvv}vv9
k

|vv#CQG\vv,GCJvv9Yvv+vv{pvv+vv%vv9:*vvRGdivv+vvQ|vvRQhYIvv9y+9
k
.

yvvtvvO<vvOCGCgvv%vvOGyvvOh[yvvTvv+vv9Svv9J<vvJvv(KGyvvjvvPGAGyvvgvv9C,(IFPRI)fvv9e1994pvv,G<vv9P
|v=v9OCIyvvvvzQD*v?fv9e2020<v9yv"vTv=v?E]GyvjvPGAhGyvRQGfv?hGyv=v+v8v?y,6vOa@vtv+v+v~G}h\v9Y
GAvvv9y+?hG:vvv9$vvv9JE!vvvAvvv9LhGSvvvAvvv%vvv;ch@vvv(R*vvvhGyvvvjvvvPGA6vvvOa@vvvTvvv%vvv+vvv{Gyvvv(pvvv9bGyvvvOh[fvvv̂
G:vv9$vv9JGyvvTvv+vv9Svv?GC}vvwvv#G@vv=vv9fvv%vv9Lvv;dGyvvQ<vvhG}hdyvvzvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#.h|vv#
Gyvvv"vvvtvvv9WGC%vvv}vvv?yvvv%vvvPgGyvvvAvvv(svvvgvvv9JhGyvvvQD*vvv?$vvv(IvvvGvvv~hBCvvv9Q@vvvO$vvv(QG}QG\vvv,GyvvvRQGfvvv+vvv?,
pvv=vvgvv̂Gyvv=vv9IvvDvv_*vvgvvAvvtvvO<vvzf@vvO$vv(QG}QG\vv,Svv+vvTvv=vv>@vvO$vv(QG

k
h7vvO*vvOG

k
yvvgvvQVGyvvjvvPGA

Gyvvgvv9C,fvv̂GCOiGyvv=vvgvv+vvO,pvv,Ivv_Kvv9OdGyvv=vvgvv̂G6LvvQ<vvzf@vvO$vv(QG}QG\vv,svvOsvvOqQ
<vvzvvvDvvQFvv9Kvv>hyvv#*vv|CvvQvvvDvv+vvQG

k
pvv,fvvQVGyvvjvvPGAGyvvgvv9C,.h*vvtvvzvvuGyvvwvvDvv+vvQhfC*vv]vv9

k
|vv#

@vO$v(QG}QG\v,GyvRQGfv+v?hCCvQ$v9pv,GyvTvwv9fGyvQ*vqv+v_h<vMv9Yv?pv,G}QG\v,GAvO*v?Ch
Gyv%v9|vWv+v?.vv}v9EfGyvAv(Svhpv,GSvAv%v;cG}QG\v,Cpvtv+v9

k
hfv}v(O*v9

k
pv,E!vAv9LGyvjvPGASv(a

LOKBC9QG
k

\9QIp,@O$(QG}QG\,,h<9yA9[p,@O$(QGy=+8?.

yvvtvvOCOJGyvvZvvgvv(<vv9JGyvvAvvtvv"vv+vv?pvv,IvvZvvQG}QG\vv,GCAvvO$vv(QI,hGyvv]vvgvvrpvv,@vv(GpvvQ
Gyv=v+v9!v9JG}Sv9Sv+v?,hGyvQ<vbGyv]vgv+vr<v+#@vO$v(QG}QG\v,hGyvAv"v}v+v?GyvRQGfv+v?hGyvQ*vqv+v?,
E]\vvvgvvvrfvvv}vvvz+?GyvvvAvvvJvvvz+{h@vvvgvvvtvvv+vvvO$vvv9IvvvAvvv)fvvv9e2020,EPG!vvvJvvvZvvvQGyvvv"vvvtvvv9TIvvv(d
@vvvO$vvv(QG}QG\vvv,<vvv+#G:LvvvAvvvZvvv9Yvvv+vvv_pvvv,G}QG\vvv,h<vvv+#G *vvvwvvv(yvvv(Fvvv+vvv_,pvvv,Ivvv_
EvvvDvvvzvvvBQD*vvv?GCgvvv%vvvOGyvvvOh[yvvv=vvvJvvv(KSvvv+vvv9Svvv9JGyvvvjvvvPGAGyvvvOh[yvvvgvvv9e2020,pvvv,h\vvvh
fvv9|vv{@vvO$vv(QG}QG\vv,\vv}vv#Hvv9dSvv+vv9Svv?GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?hGyvvQ*vvqvv+vv?hGyvvAvvQvvv+vvRfvv̂
O*"9|+w+?EOGQIG}QG\,.
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C9!+9
k

:GC(GQOG}Q\+?GygQ<+?
EvvAvvzvvxGyvvOhdGyvvgvvQ<vv+?QYvv+vvOG

k
\vvMvv}vv9

k
|vv#|vv(QOG}QG\vv,*vvtvvOQ<vvvv1401|vvz+(f

$vvvwvvvAvvv9QCj10,7pvvv,GC8vvv?|vvv#|vvvTvvv9Ivvv?Gyvvvgvvv9D(G@vvvOhdGyvvvQsvvv~(4vvvvv5)),|vvv"vvv%vvv9CQGV
m

svv9<vvzvv?yvvzvvRQGfvv?198|vvz+(f$vvwvvAvv9Q(14,1pvv,GC8vv?).*vvjvvavv,Gyvvjvvavv9AGyvv"vv=vv9Opvv,Gyvv(_vv#
GyvvgvvQNsvvQG<vv?40,5pvv,GC8vv?|vv#GyvvQsvvgvv?G@vvjvvQGpvv+vv?,h*vvWvvAvv}vv{$vvPGGyvvjvvavv9AGyvv"vv=vv9Ofvv̂
G}QG\vvv,GyvvvZvvv9Avvv?yvvvzvvvRQGfvvv?hGCTvvvAvvvjvvvzvvv?pvvv,G !vvvAvvv9LGyvvvRQGfvvv,Gyvvv"vvv=vvv9OhCQG\vvv,vvvv{|vvv#
Gyvvvjvvv9<vvv9JhGCQGfvvv,.pvvv,fvvv9e1999<vvvzvvvjvvvBGCTvvv9Ivvv?GCRQhfvvv?69,2|vvvz+(f$vvvwvvvAvvv9QCj

34,9pvv,GC8vv?|vv#|vvTvv9Ivv?G}QG\vv,Gyvvtvv9<vvzvv?yvvzvvRQGfvv?,h$vv,@vvWvv}vv{G}QG\vv,GCQh*vv?
hGCavvQ*vv?hGCTvvAvvO*vv}vv?.hpvv+vv}vv9<vvzvvjvvB|vvTvv9Ivv?G}QG\vv,GCQh*vv?pvv,Gyvvgvv9eGCPvvv(Q10,8
|vvv;*vvv_$vvvwvvvAvvv9Q,hYvvvzvvvB|vvvTvvv9Ivvv?G}QG\vvv,GCavvvQ*vvv?yvvvvvvv350|vvvz+(f$vvvwvvvAvvv9QhG}QG\vvv,
GC=vv(qQIyvvvvvv13,6|vvz+(f$vvwvvAvv9QCj18pvv,GC8vv?,59pvv,GC8vv?h23pvv,GC8vv?fvv̂GyvvAvv(G[.
C|v9|vTv9Iv9Jvv{|v#CQG\v,GCQGfv,hGyvjv9<v9Jpv=vzvjvB429|vz+(f$vwvAv9Qh73|vz+(f
$wA9Qf^GyA(G[(15).

G@OhdQs~(4vvvvv5)
|T9I?G}QG\,hGSAg}9:79p,Gy(_#GygQN|t9Q!?<}T9I?Gyg9D

G}s9y+~Gyg9yvvvvvvvvvvv~Gy(_vvvvv#GygQ<vvvvv,Gy(_#GygQN/
Gyg9D(p,GC8?) (1000$vvvv)(p,GC8?)(1000$vvvv)(p,GC8?)

CQG\,GCJ9Y+{147711,3654,74,5

GCQGf,GyOGF}?121534,642930,013,3

Gyj9<9JhG}IQGL407431,2735,21,8

CQGV
m

CLQi431433,093560,10,8

GCG}(Y13036100,0140210010,7

GyvvvvvwvvvvvDvvvvv9pvvvvv?GyvvvvvTvvvvvwvvvvv9!vvvvv+?
(1000/$vvvv)

39830471,4

GCZvvOQGf:GC"vvvdvvv}vvv?GyvvvgvvvQ<vvv+?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,GyvvwvvAvv9HGyvvTvv"vv(jyvv5IvvZvv9AGJGyvvRQGfvv+vv?:GCGvvzvvO19
(GBvvvvvvvvvQ_vvvvvvvvv(e:GC"vvvvvvvvvdvvvvvvvvv}vvvvvvvvv?,1999),hWorld Resources Institute,World Resources 1990-1991 (New York:

Oxford University Press, 1990).

(15)GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,GyvwvAv9HGyvTv"v(jyv5IvZv9AGJGyvRQGfv+v?:GCGvzvO19(GBvvQ_vv(e:

GC"d}?,1999).
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h*vvv;Ivvve|vvv#G@vvvOhdGCPvvvv(QCf$vvv"vvv9c|vvvTvvv9Ivvv9JhGpvvvQI|vvv#G}QG\vvv,Gyvvvtvvv9<vvvzvvv?
yvvvvzvvvvRQGfvvvv?:@vvvvTvvvvAvvvvDvvvv}vvvvQ<vvvvWvvvvwvvvv{Svvvvz+~<vvvvTvvvv=vvvv>fvvvvOe@vvvv(GpvvvvQG}|vvvv(GdGyvvvv;R|vvvv?yvvvvgvvvv}vvvvz+9J
G:SvvAvvZvv;MhGyvvRQGfvv?|vv#Fvv%vv?,hyvvtvvzvv?GC+vv9gpvv,GyvvtvvTvv~G}vvv=vvQ|vv#GyvvOhdGyvvgvvQ<vv+?|vv#
Fvv%vv?CLvvQi;pvv9CTvv9Ivv?GCRQhfvv?pvv,GyvvTvv(OGfEvvDvv{!vvJvv(26pvv,GC8vv?|vv#E=vv9[GCTvv9Ivv?
GCRQhfv?pv,Gyv(_v#GyvgvQN,h<v&@v(FvOvv}v+v9JhGpvQI|v#GC+v9g.C|v9Ohd@v(!vUhG@vRGFvQ
hGyvZv(|v9dhGyvgvQGbhy+=v+v9h|vZvQhGCjvQHhGy+}v#,pvAvRQY|v9|vTv9IvAv&65pv,GC8v?|v#
=vzv?GCTv9Iv?GCRQhfv?pv,Gyv(_v#GyvgvQN,pv,Iv_@vRQY<vtv+v?GyvOhdGyvgvQ<v+?G}LvQi9
pv,GC8v?h$v,OhdGBvz+HGyvgvQNhG}QOfh|v(Q*vAv9!v+9hFv+v=v(OhpvzvTvav_hyv=v"v9f.h<v+"v}v9
*vvv}vvvAvvvzvvvxGyvvvTvvv(OGf61pvvv,GC8vvv?|vvv#|vvvTvvv9Ivvv?Gyvvvjvvv9<vvv9JGyvvvgvvvQ<vvv+?,*vvv(FvvvOpvvv,OhdG@vvvRGFvvvQ
hGyvvTvvgvv(O*vv?hGyvvgvvQGbhGCjvvQHhGy+}vv#!vvJvv(35pvv,GC8vv?,hEvvAvvzvvx<vv9svv,GyvvOhdGyvvgvvQ<vv+?
Gyvv"vvTvv=vv?GCAvv=vvtvv+vv?hsvvOQ$vv94pvv,GC8vv?.h<vv+"vv}vv9;vv(RGyvvTvvgvv(O*vv?fvv̂40pvv,GC8vv?|vv#GCQGfvv,
GyvgvQ<v+?,;v(RGyvTv(OGffv̂26pv,GC8v?|v"v%v9,hvv{|v#GyvZv(|v9dhGCjvQHh|v(Q*vAv9!v+9
f^18p,GC8?(16).

$vvPGh*vvgvvAvv=vvQ30pvv,GC8vv?|vv#CQG\vv,GC"vvavvtvv?GyvvgvvQ<vv+?|vv"vv9Svv=vv?yvvzvvRQGfvv?h61pvv,GC8vv?
|v"v%v9fv9y+?G@vqv9ah8pv,GC8v?|v"v%v9pvtvbPGJ<v+8v?<v9QOI.|v#G}QG\v,GC;Fv}v?yvzvRQGfv?
(30pvvv,GC8vvv?)$vvv"vvv9c13pvvv,GC8vvv?CQGV

m
Fvvv9pvvv?|vvvh|vvv(Svvv~!vvv}vvv(|vvvAvvv(Svvvb*vvvtvvv{fvvv#75

*v(|v9
k

,h5pv,GC8v?CQGV
m

!vZvrQ_v=v?|vh|v(Sv~!v}v(CvvDvQ|v#180*v(|v9
k
.h@vgvAv=vQ=v+vh

G}QG\vv,GyvvgvvQ<vv+?Gyvvtvv9<vvzvv?yvvzvvRQGfvv?PGJ!vv}vvb<vv+8vv,|vvAvv(Svvavv,,Cj@vvAvvTvv~<vv9yvvQ_vv(<vv?!vvZvvr
G@vvv9pvvv?h|vvvgvvvOd|vvvavvvQjSvvv"vvv(j*vvvtvvvh<vvv+#200vvvvv600|vvv~.C|vvv9G}QG\vvv,GBvvvZvvv=vvv?pvvv%vvv,
IvOhOI,pv,Iv_$v"v9c30pv,GC8v?|v#GyvAvQH:@v(FvOpv+v%v9IvOOGJRQGfv+v?,C|v9<vtv+v?
GyvAvQHpv%v,SvavJv+v?FvOG

k
hQ|vz+?h@vAvTv~<v(Fv(OIvOOGJyvRQGfvAv%v9vv(8v9vvzvTv+v?G}Yv{

ChGC"vvvWvvv{.|vvv#Fvvv%vvv?CLvvvQi*vvv|CvvvQG:!vvvGvvvQGaGyvvvQLvvv,pvvv,75pvvv,GC8vvv?|vvv#G}QG\vvv,pvvv,
GC"vvavvtvv?GyvvgvvQ<vv+?,E\vv9pvv?E]@vvzCvvQ17pvv,GC8vv?|vv"vv%vv9<vv9:!vvGvvQGaGC9Fvv,.h|vv#GCJvvAvv}vv{Cf
*vvvvtvvvv(O@vvvvO$vvvv(QG}QG\vvvv,E]@vvvvZvvvvJvvvvQ$vvvv9,fvvvvzvvvv}vvvv9

k
Cf=vvvv+vvvvhG}QG\vvvv,@vvvvAvvvvZvvvvr<vvvv]vvvvgvvvvr

G !A9F+?.

h@vvvgvvvAvvv=vvvQfvvv}vvvz+?GCJvvv9pvvvdvvv?fvvv̂G}QG\vvv,GyvvvgvvvQ<vvv+?h@vvvavvv(*vvvQ$vvv9vvvv}vvv(QOIvvvOhO6vvvOa
GyvvvRQGfvvv?|vvv#G}|vvv(QG yvvvRG|vvv+vvv?,h<vvvMvvv9Yvvv?EPGQivvv=vvvB$vvvPgGyvvvOhdpvvv,|vvv(GFvvv%vvv?;vvvO*vvv9J
Gyv"v}v(GyvTvwv9PGyvTvQ*vhh@vz|v_GyvjvPGAyvzvTvwv9f!vdvQG

k
E]CfCvzvE$vPgG}QG\v,*vTvAvMvOe

yzRQGf?ptb,v}9<+"q9B!q9
k

,|hGCt9Q!?<9yDzD_|#G}QG\,Gy(GSg?G:!AW9Q.

(16)GCZOQ!qT&.
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C9yD9

k
:Y+9!?GC(GQOG}Q\+?

vvvv}vvv9PvvvvQpvvv,|vvvtvvvO|vvv?GyvvvqvvvZvvv{,GfvvvAvvv=vvvQ|vvv(QOG}QVGC(QOG}Svvv9Syvvvzvvvgvvv}vvvz+?
G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?,E\vv9pvv?E]|vv(QOGC+vv9ghGyvvgvv"vvZvvQGyvv=vvWvvQj,h<vv9yvvAvv9[yvvgvv}vvz+?@vvz|vv_
GyvvvjvvvPGAyvvvzvvv=vvv;*vvv_GCAvvvRG*vvvOI|vvv#GyvvvTvvvwvvv9f.hCLvvvPJ$vvvPgGC(GQO@vvvROGOCGvvv+vvv?pvvv,GyvvvQ<vvvh
G}Lvvv+vvvQ|vvv#GyvvvtvvvQfGC9\vvv,hGyvvvQ<vvvhG}hd|vvv#GyvvvtvvvQfGAvvv9OjhGyvvvgvvvWvvvQ*vvv#,h<vvvMvvv9Yvvv?
G}QVhGC+vv9g,<vvTvv=vv>fvvOesvvOQ7vv}vv9fvv̂@vvtvvO*vv~GyvvjvvPGAGC"vv9Svv>yvvzvvTvvwvv9fpvv,GyvvgvvO*vvO
|vvv#OhdGyvvvgvvv9DGyvvv"vvv9|vvv,h|vvv"vvv9_vvvtvvv&GCMvvvAvvvzvvvqvvv?.yvvvPyvvvxCLvvvPJGC"vvvdvvv}vvv9JGyvvvOhy+?h|vvvQGvvvvR
Gyvv=vvJvv(KGCMvvAvvzvvqvv?GyvvRQGfvv+vv?hG:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?,|vv"vvPfvvtvvO*vv#|vv#GyvvR|vv9f,pvv,
OQGSvv?$vvP*vv#GC(QO*vv#h|vvOi@vvO$vv(QGvv9hG |vvwvv9!vv9JhG FvvQGAGJGyvv(GFvv>G<vv9P$vv9
Avv}vv9*vvAvv%vv}vv9,\vv}vv#|vvqvv%vv(eG:SvvAvvDvv}vv9QGCTvvAvvOGe|vv#svv=vv{G}Fvv+vv9dGAvv9y+?hGCTvvAvvtvv=vvz+?
h@vvv(pvvv+vvvQGyvvvjvvvPGAGCTvvvAvvvOGeyvvv%vvv~.hGQ@vvv=vvvbGYvvvavvv;MG}QV<vvv9C9A,h<vvv9yvvvAvvv9[<vvv9yvvvRQGfvvv?
hGyvvjvvPGAhGyvv=vv+vv8vv?,<vvJvv+vvEEf|vvgvvdvv~GyvvOQGSvv9JG:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?GyvvOhy+?pvv,
$vvPGGCGvv9d@vvOhQIvv(dfvv}vvz+?GyvvAvvwvv9|vv{<vv+#GyvvRQGfvv?hGyvvjvvPGAhGyvv=vv+vv8vv?,pvv9CQvvvRGyvvOh[
yvvvvvv=vvvvvvJvvvvvv(KSvvvvvv+vvvvvv9Svvvvvv?GyvvvvvvjvvvvvvPGA(International Food Policy Research Institute (IFPRI));
hvvvPyvvxGCQGvvvRGyvvOhy+?G}LvvQiGyvvAvv9<vvgvv?yvvzvvGvv"vv?G:SvvAvvWvv9Q*vv?yvvzvv=vvJvv(KGyvvRQGfvv+vv?GyvvOhy+?

(Consultative Group of International Agricultural Research (CGIAR))hivvvvv+vvvvvQGvvvvv9|vvvvv#
GC"vvdvv}vv9JGyvvOhy+?GCMvvAvvZvv?@vvQvvvRpvv,<vvJvv(Cvv%vv9hOQGSvv97vv9GAvv9y+?hGCTvvAvvtvv=vvz+?fvv̂GyvvDvv9yvv(K
GCPv(Q,v{p,H9d<ZZ&.

pvv,$vvPGGyvvqvvtvvQI!vvQvvvRfvv̂GyvvAvvOGLvv;JGC%vv}vv?<vv+#GC(GQOGyvvavv=vv+vvgvv+vv?(G}QVhGC+vv9g)
fvv̂GCTvvAvv(*vv_Gyvvgvv9C,hGyvvgvvQN,hvvvPyvvxfvv̂GyvvZvv(QGyvvAvv,@vvR*vvOfvvQVvvv{|vv#$vvP*vv#
GC(QO*v#(GC+v9ghG}QV)6vOaG:SvAvGv9<v?yvR*v9OIfvQVGyvjvPGAGyvgv9C,\v}v#@vwv9y+r
GsvvvAvvvZvvv9O*vvv?h<vvv+8vvv+vvv?|vvvtvvv=vvv(yvvv?,|vvvh@vvvtvvvO*vvv~GCgvvvQpvvv?GCAvvv(GpvvvQIpvvv,EOGQI$vvvPgGC(GQOHvvvAvvv}vvvgvvv?
}iQGVG !A9LGyRQGf,.

|vv#GCgvvQhaCf
q

GyvvAvvwvv9y+rG:svvAvvZvv9O*vv?@vvWvv}vv{vvv;
k
|vv#@vvwvv9y+rGC(GQOGCTvvAvvgvv}vvzvv?

pvv,R*vv9OIfvvQVGC9AhG}QV,h@vvwvv9y+rGyvvqvvQYvv?Gyvv=vvO*vvzvv?:SvvAvvgvv}vv9yvv%vv}vv9pvv,GyvvRQGfvv?
fvv(\vv9

k
fvv#GSvvAvvMvvOG|vv%vv}vv9pvv,GCGvv9:JG}LvvQi.C|vv9GyvvAvvwvv9y+rGyvv=vv+vv8vv+vv?pvvAvvWvv}vv{Gyvvtvv+vv~

G:FvvAvv}vv9fvv+vv?ivv+vvQGCTvvgvvvQIhGCqvvtvv(OI!vvAvv+vvGvv?<vvZvv+vv[GC9AhG}QVyvv5!vvAvv9LGyvvRQGfvv,;
pvv}vvDvv;

k
;vvOKLvvTvv9QIpvv,Gyvvtvv+vv}vv?G:FvvAvv}vv9fvv+vv?yvvzvv}vv(_vv#<vv9yvv"vvTvv=vv?E]|vvWvv9$vvOjGyvvavv+vv(Q

hGyvvZvv+vv9O*vv#fvv"vvO|vv9@vvAvvJvv(dG}QVGyvvavv=vv+vvgvv+vv?E]CQGV
m

RQGfvv+vv?hE]Csvv"vv+vv?QjhYvvQa.
hvvvPyvvx;vvOKLvvTvv9QIpvv,Gyvvtvv+vv}vv?Gyvvavv=vv+vvgvv+vv?GBvv;svv?yvv~QVfvv"vvO|vv9@vvAvvJvv(d<vvqvv]vv{GC+vv9g
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E]JvvQFvv9JRQGfvv+vv?h|vv9*vvAvvQ@vv>|vvgvv%vv9|vv#G!vvGvvQGpvv9JyvvzvvAvvQ<vv?hG|vvAvv;AG}8vv9QhG@vvOGhd
hGyv=vJv+vQGJ<v9yvav}v,.|v#Iv+vEGC=vOCKv>IvTv9HGyvtv+v~GCqvtv(OIyv%vPgGC(GQOGC(Fv(OI
\vv}vv#GyvvAvvwvv9y+rGyvv=vv+vv8vv+vv?(vvv}vvWvvwvvzvv?fvv}vvz+?)Svv(GAGSvvAvvavvgvv"vv9IvvTvv9HGyvvtvv+vv~GC(Fvv(OI<vvOsvv?
vv9pv+v?,<vJv+vE*v}vwv#GSvAvgv}v9yv%v9pv,GyvAvJvz+{G:svAvZv9Ojhh\vhGyvTv+v9Sv9JGyvgv9|v?CeD
!TAahh$(<a=+g?GA9dC|QFO[.

h@vvgvvAvv=vvQGyvvAvvwvv9y+rGyvv=vv+vv8vv+vv?ivv+vvQ|vvTvvgvvvQI!vvdvvQG
k

E]CfGyvvgvv}vvz+9JGyvv"vv9:vv?|vv#@vvO$vv(Q
G}QVhYvvqvv9Jivv+vvQ|vvTvvGvvzvv?pvv,G}Svv(Gb.hMvvzvvuGyvv"vvtvv[pvv,CSvvgvv9QGyvvTvv(byvv%vvPg
GyvvAvvwvv9y+rGCWvv9vvv{GyvvQFvv+vvTvv?pvv,svv+vv9Svv%vv9.hfvv̂GyvvQivv~|vv#Pyvvx,*vvWvv9_vvQGyvvgvvO*vvO|vv#
G:svvAvvZvv9O*vv_hGyvv=vv+vv8vv+vv_hFvv%vv?Gyvv"vvdvvQGyvvtvv9Fvvzvv?<vvzGvv+vv?$vvPgGyvvAvvwvv9y+rh\vvQhQIEFvvQGA
GAvvTvv9<vv9JGBvv9Yvv?6vv9CCvv"vv9A@vvtvv+vv+vv~G !vvGvv9RGJGyvvRQGfvv+vv?,E\vv9pvv?E]\vvQhQIGfvvAvv}vv9O
h@vvv(GpvvvQGCtvvv9*vvv+vvvUGyvvv"vvv(fvvv+vvv?hGyvvvwvvv}vvv+vvv?yvvvzvvvAvvvwvvv9y+rGyvvv=vvv+vvv8vvv+vvv?Gyvvv(GFvvv>GSvvvAvvvMvvvOG|vvv%vvv9pvvv,
GAT9<9J.

vvvPyvvxGAvv9d<vv9yvv"vvTvv=vv?E]|vv(QOGC9AGyvvPj*vv(FvvOyvv&C*vv]vv9
k
<vvgvvOGfvvv}vv,h!vv(fvv,,

pvR*v9OIvv}v+v?GC+v9gGC9Av?yvzvRQGfv?|v#Ohf@vjv+v+vQpv,!v(fv+vAv%v9(fv=vQG:SvAvDv}v9QGJpv,GyvQj
Ch@vav=v+vu|vqv%v(eGAvZv9OGC9Fv,)@vR*vOpv,fvQVGC9Afv=vQGyv=vgvOGyvwv}v,,pv,Iv_@vtv(O
G:SvvAvvDvv}vv9QGJGyvv%vv9Opvv?E]@vvtvvz+[|vvTvvAvv(iG}|vv;Mpvv,GC+vv9ghLvvqvv]vv%vv9E]GAvvOGyvvPj:
9OOGyjz?GCJZ(y+?,@t(OE]R*9OIfQVGC9Af=QGy=gOGy"(f,.

1vvvvvGCJOOGJG:sAZ9O*?hG OGQ*?yz}(GQOG}Q\+?f9C+9
k

yvvtvvO@vv~GAvvO*vvE|vvqvvZvv;
k

fvv#|vv(QOjGC9AhG}QVfvv̂GCTvvAvv(*vv_Gyvvgvv9C,hGyvvgvvQN
pv,GyvqvZvz+#GyvDv9yvEhGyvQG<vh,hyvwv#pv,$vPgGyvqvtvQI!vJv9hd@v(\v+vKGyvgv;sv9JGCAvOGLvzv?
<vv+#$vvP*vv#GC(QO*vv#hvvv{|vv#@vv(GpvvQGyvvjvvPGAhGCJvv9pvvdvv?fvv̂$vvPgGC(GQOhO*vv}vv(|vvAvv%vv9hpvvu
|vqv9$v+v~GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?.hChd|v9*vAv=v9OQE]P$v#GCQAhSvb$vPgGyvAvOGLv;J
G F9<?f#GyT|GdGC%~GyA9[:

$v{*v}vwv#;vtv+vuh@v(pv+vQGyvjvPGA<vAvwv9y+rGsvAvZv9O*v?h<v+8v+v?|vtv=v(yv?fv#_vQ*vuR*v9OI
fQVG}QVhGC9Aptb|hGCJ9pd?fz+%}9y~F+9dGyt9O|??

Svv|Gd|vv%vv~hPhIvvTvv9Svv+vv?,h|vvQ@vv=vvb<vvwvv{|vv#GyvvTvv+vv9Svv?hfvv}vvz+?Gyvv=vvJvvEGyvvgvvzvv}vv,
GyzA_7Op9fE];t+uE!G9RGJ|gt(y?p,Gy"d9eGyRQGf,Gyg9C,.

$PGGyT|Gdh$PgGy"ta?GCPv(QGf*t(OGfE]_QMS|GdBLQ:

|v9$v(IvGv~G:SvAvDv}v9QGyv;Re@vtvO*v}v&yvAv(Sv+vhfvQVG}QVhGC9A<v9Ctv9Q!v?,Ch
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|vv"vvTvv(<vv9
k

E]IvvGvv~G:SvvAvvDvv}vv9QGyvv(GFvv>@vv(cvv+vvqvv&yvvAvvavv(*vvQGCgvvQpvv?G@vvO*vvOIGBvv9Yvv?<vvavvQb
R*9OIE!A9F+?$P*#GC(QO*#hi+QG9p,GyRQGf??

|vvv#GCgvvvQhaCfGCgvvvQpvvv?GC"vvv9Svvv=vvv?@vvv(FvvvOpvvv,vvvv{|vvv#GyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9hGC|SvvvTvvv9J
hG}pQGO,hp,\(AGy"t9TGyT9<u*zOGyT|GdGCQvRjGyA9[:

pvvv,Ivvv9yvvv?@vvvtvvvO*vvv~GCgvvvQpvvv?GAvvv9y+?GC"vvv9Svvv=vvv? OGQIG}QVhGC+vvv9gyvvv;SvvvAvvvMvvvOG|vvv9J
GyvvvvRQGfvvvv+vvvv?,|vvvv9$vvvv,GyvvvvAvvvvwvvvv9y+rG:svvvvAvvvvZvvvv9O*vvvv?hGyvvvv=vvvv+vvvv8vvvv+vvvv?Gyvvvv;R|vvvv?yvvvvR*vvvv9OIfvvvvQVGC(QO*vvvv#
GCPv(Q*#v9SAG9<?yaz>GyjPGAGyg9C,GCTAt=\?

EfG Fvv9<vv?fvv#$vvPGGyvvTvv|Gd@vvAvvavvzvv>|vvgvvQpvv?Gyvvgvv;svv?<vv+#GC+vv9ghIvvOOG7vv9hG}QV
hRQGfA%9,GyA,!J9hdfQ\%9<{K9Rp,GyZqJ9JGyA9y+?.

PvvvQ!vv9B!vvqvv9
k

Cf70vvvvv90pvv,GC8vv?|vv#|vv+vv9gGyvvOhdGCAvvavv(QIhGyvv"vv9|vv+vv?@vvTvvAvv%vvzvvxpvv,
GyvvRQGfvv?Cjpvv,QjG}QG\vv,GyvvRQGfvv+vv?,GyvvAvv,<vvzvvjvvB|vvTvv9IvvAvv%vv9fvv9e1996svvQG<vv?241
|vvz+(f$vvwvvAvv9QEvvDvv{17pvv,GC8vv?|vv#|vvTvv9Ivv?CQG\vv,GCJvv9Yvv+vv{Gyvvgvv9C+vv?h@vvtvvOeCvvzvvEE!vvAvv9L
GyjPGAGyg9C,(17).

yvtvOCOJfv}vz+9JGyvAv(Svhpv,GSvAvZv;MG}QG\v,hQ9v9Lv;dGyvgvtvO*v#GC9\v+v_
E]R*vv9OIE!vvAvv9LGyvvjvvPGAGyvvgvv9C,<vv}vvtvvOGQGyvv"vvZvvr<vvJvvTvv>EIvvZvv9AGJGyvv=vv"vvxGyvvOh[hGdvvvvv
h<vvvQ!vvv9|vvvHG}|vvv~GCAvvvJvvvOIG !vvv}vvv9Fvvv,(UNDP).h<vvvJvvvTvvv>GCZvvvOQGyvvvTvvv9<vvvu$vvv"vvv9cE|vvvwvvv9!vvv+?
 \v9pv?138|vz+(f$vwvAv9Q|vQhjE]GCTv9Iv?GCPvv(QI6vOa;vtv+vuGyvavzv>fv̂GyvjvPGA
Gyvvgvv9C,Lvv;dGyvvTvv"vv(GJGyvvgvvWvvQ*vv#Gyvvtvv9O|vv?.Ef$vvPgGyvvwvv}vv+vv?|vv#G}QG\vv,GC}vvwvv#Q9vv9:
@vvRGd!vvdvvQ*vv?vvv(8vv9|vv=vv"vv+vv?fvv̂@vvtvvO*vvQGJyvvzvvTvv}vv9JGyvvqvv+vvR*vvtvv+vv?yvv~QV,hD@vvOLvv{<vvgvvOpvv,
IvvTvv96vv9G@vv(G!vv>G:svvAvvZvv9O*vv?hGyvv=vv+vv8vv+vv?Gyvv(GFvv>|vvtvv9<vvzvvAvv%vv9yvv]vv}vv9f@vv"vv}vv+vv?!vv9FvvJvv?yvvgvv}vvz+9J
GyvQj.hEvDv{$vPgGCTv9Iv?_v9sv?vv9|v"v?E\v9pv+v?}vvDvQ|v#50pv,GC8v?|v#GCTv9Iv?GCQh*v?
GAvv9y+?(18).h*vv(FvvO|vv#$vvPgGyvvavv9svv?G \vv9pvv+vv?Gyvvwvv9|vv"vv?80pvv,GC8vv?pvv,GyvvOhdGyvv"vv9|vv+vv?,
Ivvv+vvvE*vvvtvvvh!vvvZvvvqvvv%vvv9@vvvtvvvQ*vvv=vvv9

k
pvvv,GyvvvWvvvQbG}svvvZvvv).E:CfGyvvv=vvv"vvvxGyvvvOh[h<vvvQ!vvv9|vvvHG}|vvv~

GCAvJvOIG !v}v9Fv,,:Ivdv9pv,|vavzvhGyvgvtvOGAv9[G!vMvqv9V|vgvOd!v}v(G}QG\v,GCQh*v?
pv,Gyvgv9Dpv,fvtvOGyvTv=vgv+"+v9J|vtv9Q!v?<vgvtvOGyvTvAv+"+v9J,hpv,fvtvOGyvDv}v9!v+"v+v9J<v9Ctv9Q!v?

(17)Food and Agriculture Organization (FAO), Production Yearbook, vol. 51 (Rome: FAO,

1997).

(18)World Bank and United Nations Development Programme (UNDP), «Irrigation and

Drainage Research: A Proposal for an Internationally-supported Program to Enhance Research on

Irrigation and Drainage Technology in Developing Countries,» (Report, vol. 1, April 1990).
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<vvgvvtvvOGyvvTvv=vvgvv+"+vv9J.h*vvgvv(O$vvPGGyvvAvv"vv9svv[<vvGvvRFvv&G}vvv=vvQE]IvvOOGJGsvvAvvZvv9O*vv?hEOGQ*vv?
h<+8+?!gQ\%9<W,A|#G K9Rp,|9*\:

CvvvvvGCJOOGJG:sAZ9O*?

@vvgvvAvv=vvQCSvvgvv9QGAvv=vv(HGyvvgvv9C+vv?|vv#C$vv~Gyvvgvv(G|vv{GC|CvvQIpvv,|vvTvvAvvtvv=vv{GyvvQjGyvvgvv9C,.
yvtvOCLvP@v+9Q$vPgG}Svgv9Q<v9yvAv"v9sv[|v"vP8v9*v?GAvQHGyvgv9C+v?GyvDv9!v+?,pv,Gyv(svBGyvPj
Sv=vu!v}v(qGyvgvQVGyvgv9C,yvzvJv=v(H!v}v(Gyvavzv>fvz+%v9.hpv,Iv9dGSvAv}vQGQ$vPGGyv(\vh,
pvTv(a*v"vMvqv̂Gyvavzv>Gyvgv9C,yvzvQj|v9DM

o
vqv̂GyvAvtvOeGyvAvtv"v,hG OGQj}!vdv}v?GyvQj

@vwv9y+r$vPgG}!vdv}v?<v"vTv=v?@vgv9Od!vTv=v?G!vMvqv9VCSvgv9QGAv=v(Hfv̂G}sv{.hpv,Iv9d
G!vgvwv9SG:v9gCSvgv9QGAv=v(H,CjGQ@vqv9fv%v9,hpv,GCOiGyvav(*v{,pvTv(a@vAvgvRRpvgv9y+?
Gyvvgvv(G|vv{G:svvAvvZvv9O*vv?pvv,;vvO*vvO|vvOiGyvvavvzvv>fvv̂GyvvQj.hKvv>GC;Ivvdvv?<vvz!vv"vv9:!vv"vv9svvX
$vv"vv9G::vv9gGCTvvAvvtvv=vv\}Svvgvv9QGAvv=vv(HGyvvgvv9C+vv?,hE!vv}vv9<vvJvvEGyvvgvv;svv?<vv+#fvvQVG}QV
hGC9Aptb.

h@vgvAv=vQ@vwv9y+r<v"v9AC!vdv}v?GyvQjfv9|v;
k

GsvAvZv9O*v9
k

BLvQ|v%v}v9
k

*v|CvQ<vWvwv{hG\vK
pvvv,fvvv}vvvz+?GyvvvQj.yvvvtvvvOCCvvv=vvvAvvvB<vvv(SvvvAvvv+vvv{(Postel)fvvv9e1992Cf@vvvwvvv9y+r<vvv"vvv9AC!vvvdvvv}vvv?
GyvQjGyvTvavJv+v?Gyvwv=v+vQIG@vO*vOIsvOGQ@vqvgvBvvDv+vQG

k
Lv;dGyvgvtv(OG}Lv+vQI,|v9COiE]

<vvQhRG:$vvAvv}vv9|vv9JGBvv9Yvv?pvv,C!vvdvv}vv?GyvvQjGyvvZvvjvv+vvQIGCTvv}vv9IzOG|vv=vv(Sy(Dambos)

(QjGAvvvOGFvvvuChGCTvvv9Ivvv9JGyvvvZvvvjvvv+vvvQI),h<vvvMvvv9Yvvv?pvvv,CpvvvQ*vvvtvvv+vvv9Vvvv=vvv&GyvvvZvvvJvvvQGh*vvv?,
h<vvv9yvvvPGJpvvv,GC"vvv9_vvvuGyvvvQ_vvv=vvv?,ChGCjvvv}vvv(QI<vvv9C+vvv9gGyvvvAvvv,*vvvTvvv}vvvKFvvvqvvv9pvvv%vvv9pvvv,pvvvZvvv{
G@vqv9a,<vzLvPIvZv(d|v#GyvAvQHGCAv=vtv+v?GyvQ_v=v?.h@v=vzvkGyvAvwv9y+rGyvQCSv}v9y+? !vWv9A
$vPGGyv"vdv9e|v#GyvQj<v+#100vvvvv2500Oh:Qyvzv%vwvAv9Qh$v(CQLv[<vwvDv+vQ|v#!vdv~
GyQjGyw;S+w+?(19).

vvv}vv9EfC!vvdvv}vv?GyvvQjGyvvTvvavvJvv+vv?Gyvvtvv9Fvv}vv?fvv̂SvvJvv>|vv+vv9gG}8vvQhG6<vv9Q<vv(GSvvavv?
GC]vvMvv9J@vvgvvAvv=vvQpvvgvv9yvv?FvvOG

k
yvvR*vv9OIE!vvAvv9LGyvvjvvPGAhGyvvOLvv{yvvzvv}vvRGQYGyvvgvv9Fvvz+?pvv,GC"vvavvtvv?

G}pvvQ*vvtvv+vv?GCPvvv(QI,Ivv+vvE*vv"vvqvvP$vvPGGyvv"vvdvv9efvv̂CvvvDvvQ|vv#100Cyvvr$vvwvvAvv9Qpvv,Gyvv"vv+vvGvvQ
hpv,|vTv9Iv9JCYvjvQpv,vv{|v#GyvAvWv9Oh|v9[h!v+Gv+vQ*v9,hGyvgvO*vO|v#GyvOhdG}pvQ*vtv+v?
GyT9Iz+?,I+E*TAq+O|#!d9eGyQjGCPv(QCvDQ|#100|z+(f|RGQY(20).

(19)Sandra Postel, Last Oasis: Facing Water Scarcity (New York: Norton, 1992)

(20)«India Irrigation Sector Review,» (Report No. 9518-IN, vol. 1, World Bank, Washington,

DC, 1991).
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HvvvvvGCJOOGJG OGQ*?

@vvgvvAvv=vvQ!vv(fvv+vv?G OGQIfvv"vvZvvQG
k

|vv%vv}vv9
k
pvv,<vv"vv9Ah@vvWvvjvv+vv{C!vvdvv}vv?GyvvQj,hyvvPyvvxfvvOvJ

|vv#GCJvvOOGJG}Svv9Svv+vv?yvvgvv}vvz+?GyvvQj.EPEf|vvqvv%vv(eEOGQIGC+vv9g,h<vvMvv9Yvv?pvv,GyvvOhd
Gyv"v9|v+v?,Kv>Cf*vgv9|v{|vgv9|vzv?Lv9Yv?vv(8v9;v(j|vgvdv~_v9sv?GyvQjGyvgv9C+v?|v#Fv%v?,
hpvv+vv%vv9vvvvvCjGyvvOhdGyvv"vv9|vv+vv?vvvvvGyvv]vvjvvbG}vvv=vvQCR*vvO|vv#GC+vv9g|vv#Fvv%vv?CLvvQi.yvvtvvOCv

q
vvO

@vvtvvQ*vvQGyvv=vv"vvxGyvvOh[h<vvQ!vv9|vvHG}|vv~GCAvvJvvOIG !vv}vv9Fvv,yvvgvv9e1990(21),CfCvvvDvvQ|vv#
!vvvZvvvrG}QG\vvv,GCQh*vvv?Gyvvvgvvv9C+vvv?<vvvJvvv9Fvvv?G6fE];vvvO*vvvEhEfvvv9OI<vvv"vvv9A,vvvv}vvv9Ef|vvvgvvvdvvv~
C!vvdvv}vv?GyvvQjpvv,GyvvOhdGyvv"vv9|vv+vv?@vvgvv}vv{Csvv{|vv#_vv9svvAvv%vv9GCZvv}vv}vv?CYvv;

k
.hpvv,vvvDvv+vvQ|vv#

GC"v9_vu,iv9yv=v9
k

|v9@vwv(fGCTv9Iv9JGCQh*v?Gyvqvgvz+?Csv{|v#GCMvavav?(Gyv(GQOIpv,GBvav?)
hCsvvv{|vvv#|vvvqvvv%vvv(e@vvvwvvvDvvv+vvvrG !vvvAvvv9L(fvvvOOGCJvvv9Yvvv+vvv{GCJvvvZvvv(OI|vvv#hIvvvOIGCTvvv9Ivvv?pvvv,
GyvvTvv"vv?).vvvPyvvx$vv"vv9cvvv}vv+vv9Jvvv=vv+vvQI|vv#GC+vv9g@ovvq

r
vvt
n
vvO
o

h@vv]vv+vvhpvv,svv"vv(GJGyvvQj<vvTvv=vv>fvvOe
@v(Q*vO$v9pv,Gyv(svBhGCwv9fGC"v9Sv=v_.*v]v9aE]PyvxCf|vgvdv~C<v"v+v?h:v%v+vRGJC!vdv}v?
GyvvvQjsvvvOGSvvvAvvv%vvvzvvvwvvvB,hGyvvvgvvvO*vvvO|vvv#|vvvWvvv9Q*vvvhGyvvvQjivvv+vvvQ|vvvTvvvAvvvwvvv}vvv{,hcvvv%vvv(Q|vvvWvvv9vvvv{
GC
o
z(I?h@OpuGC+9gp(bG}QG\,.

$vvPgGCWvv9vvv{@vvgvvwvvUIvvOOGJvvvDvv+vvQIyvvzvvJvvwvv(|vv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?fvv"vvOh\vvgvv%vv9
|vv+vvRG!vv+9JGyvvQjpvv+vv%vv9,E:Cfvvv{GC"vvdvv}vv9JhGyvv%vv+vv8vv9JGyvvOhy+?@vvgvvAvv=vvQG OGQI$vv,GCJvvOO
G}hdpv,$vPGGBvZv(U;pv9 OGQIGyv]vgv+vqv?@vgvAv=vQSv=v=v9

k
|v=v9VvQG

k
yv]vgvrvvqv9AIGSvAvMvOGe

GC+vv9g(Water-Use Efficiency)}!vvdvv}vv?GyvvQjGyvvTvvavvJvv+vv?GyvvgvvO*vvOIh:!vvMvvqvv9V!vvTvv=vv?GC+vv9g
GCA(GpQIGCtO|?At(dGCRGQf_.

yvvvtvvvOCv
q
vvvOQhRivvvQG!vvvB(Rosegrant)fvvv9e1992@vvv=vvv9*vvv#vvvvqvvv9AIGSvvvAvvvMvvvOGeGC+vvv9gpvvv,

|vvgvvdvv~C!vvdvv}vv?GyvvQjGCTvvAvvMvvO|vv?pvv,GyvvOhdGyvv"vv9|vv+vv?hhsvv(fvv%vv9<vv+#25vvvvv40pvv,GC8vv?
pvvtvvb(22).$vvPGh*vv}vvwvv#Gyvvtvv(dE!vv&*vv}vvwvv#GyvvAvv(Svvhpvv,GCTvv9Ivv?GCQh*vv?ChR*vv9OIivv;d
GCJvvvv9Yvvvv+vvvv{Chvvvvv;Gvvvv9,EPG;vvvvTvvvv"vvvvBvvvvvqvvvv9AIGSvvvvAvvvvMvvvvOGeGC+vvvv9g(|vvvv#OhfGSvvvvAvvvvDvvvv}vvvv9QGJ
FvvO*vvOI),E:CfGyvvgvv9DGCPvvv(QCSvvOdcvv;:

k
|vv#GyvvWvvxfvv̂Gyvvtvv(IGyvvwvv9|vv"vv?yvvAvvJvvTvv_

vvvvqvvv9AIGSvvvAvvvMvvvOGeGC+vvv9g,vvvv}vvvZvvvOQyvvvR*vvv9OIG !vvvAvvv9Lpvvv,G}QG\vvv,GCQh*vvv?,EP:IvvveCf
GyvvAvvtvvO*vvQGJGC"vvMvvqvv]vv?yvvwvvqvv9AIGSvvAvvMvvOGe,|vv9$vv,E:!vv}vv(PL}!vvdvv}vv?GyvvQjG pvvQGO*vv?

(21)GCZOQ!qT&.
(22)M. W. Rosegrant and M. Svendsen, «Irrigation Investment and Management in Asia:

Trends, Priorities and Policy Directions,» paper presented at: Planning Workshop on Projections and

Policy Implications of Medium-and Long-Term Rice Supply and Demand, IRRI, Los Baños,

Philippines, 1992.
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CvvDvQFv9$v,}!vdv}v?Qj|vQ@v=vav?,Iv+vE*vTvAvMvOeGC9ACh*vgv9OGSvAvMvOG|v&hvvz!v&hGQO
|vv#G}8vvQ,.pvvgvv"vvO|vv9!vvzLvvPEfvv9OIGSvvAvvMvvOGeGC+vv9g<vv9:fvvAvv=vv9Qpvv{fvvvqvv9AIGSvvAvvMvvOGeGC+vv9g,
<vv}vvtvv+vv9SG}Ivv(GVGyvvwvv=vv+vvQI,@vvwvv(fCfvv̂|vv#Cjfvv"vvZvvQEpvvQGOjyvvzvv"vvdvv9e,hsvvOe|vvZvvQ
|D9:

k
yPyxhs9d:

zfvv"vvO|vv9@vvwvv(fvvvqvv9AIGSvvAvvMvvOGeGC+vv9g|vv#8vvQGyvv"vv+vv{fvv̂GCTvvAvv(iGyvvqvvQOjCsvv{|vv#
30pvv,GC8vv?,@vvwvv(fvvvqvv9AIGSvvAvvMvvOGeGC+vv9gfvv̂|vvTvvAvv(iGyvv"vvdvv9eGyvvwvv\svvQG<vv?Gyvvvvvv70pvv,
GC8?y.

LvvvvvGCJOOGJGy=+8+?

*vvvgvvvAvvv=vvvQG:!vvvGvvvQGaGC9Fvvv,hGCzvvv(Ivvv?,GCQ@vvv=vvvavvv9f<vvv9yvvvQj,|vvv#GCJvvvOOGJGyvvv=vvv+vvv8vvv+vvv?vvvv(f
BCvvv9QGvvv9G !vvvAvvv9Fvvv+vvv?|vvv(Fvvv(OIpvvv,vvvv{|vvv#CSvvvgvvv9QGyvvvTvvv(b,hE!vvvAvvv9Fvvv+vvv?GyvvvRQGfvvv?,h@vvvwvvv9y+r
@vv"vvdvv+vvr@vvOpvvtvv9JGC+vv9gGyvvgvv9FvvOI|vv#GyvvQj(GyvvZvvQa)hGyvvAvv,*vv}vvwvv#Efvv9OIGSvvAvvMvvOG|vv%vv9(|vv+vv9g
GyvvZvvQa)}ivvQGVivv+vvQRQGfvv+vv?,vvv9:SvvAvv%vv;cGC"vvR[hpvv,GyvvZvv"vv9fvv?hGyvvAvvGvv9QI.h@ovvgnvv9|vv{
|vWvwvzvAv9G:!vGvQGaGC9Fv,hGCzv(Iv?pv,GyvOQGSv9JGyvgvzv}v+v?hGCQFvgv+v?fv̂C8v}v9|v#!v(G@vH
GyQjq.

yvvtvvOOQSvvBhsvv+vvTvvBCGvv+vv?GyvvQjhfvv;svvAvv&<vv9Czvv(Ivv?hG:!vvGvvQGa|vv#svv=vv{GyvvwvvDvv+vvQ
|vv#Gyvvgvvzvv}vv9AhGyvv=vv9IvvDvv_,h*vvzOpvv,|vvtvvO|vvAvv%vv~@vvWvv(hOQ*vvjvv#,Ivv+vvE@vv=vv_yvv%vv}vv9fvv9e

1992Cf30pvvv,GC8vvv?|vvv#CYvvv{145|vvvz+(f$vvvwvvvAvvv9Q|vvvQh*vvv?pvvv,GC"vvv9_vvvuG@vvv9pvvv?svvvO
@vvO$vv(QJ<vvWvvOIfvv#_vvQ*vvuGyvvAvv}vvzvvKhG:!vvGvvQGaGC9Fvv,vvv}vv9<vv+"vvB<vv(SvvAvv+vv{(Postel)fvv9e

1992,CfhFv(O25|vz+(f$vwvAv9Q|v#G}QG\v,GCQh*v?fv̂GCTvAv(iGyvgv9C,(10pv,
GC8vvv?|vvv#Hvvv}vvv(YG}QG\vvv,GCQh*vvv?)@vvvgvvv9P@vvv"vvv9svvvZvvv9

k
pvvv,ivvv;dGCJvvv9Yvvv+vvv{!vvvAvvv+vvvGvvv?GQ@vvvqvvv9Y

|"T(HG}|;M(23).

h|vv#GyvvAvv=vvgvv9JChGCWvv9vvv{Gyvv=vv+vv8vv+vv?PGJG}Gvv+vv?GCAvvRG*vvOIpvv,GAvvO|vv#GyvvAvv"vv}vv+vv?h|vv#
_vv9svv?GyvvQjGyvvgvv9y+?GCQGpvvtvv?yvv"vv}vv(fvv}vvz+?GyvvQjpvv,GyvvOhdGyvv"vv9|vv+vv?Lvv;dGyvvgvvtvv(OG}Q<vvgvv?
GC"vvvZvvvQ|vvv?,$vvv,G:!vvvAvvvWvvv9QGyvvv(GSvvvhyvvv~|vvvQGVGCQGpvvvtvvv?yvvvzvvvQj|vvvDvvv{GC;Q*vvv9hGyvvv=vvvzvvv%vvv9QSvvv+vvv9
hfvv}vv)G}8vvQ(Onchcerciasis).vvvPyvvx7vvOeSvvOhOGyvvQjGyvvwvv=vv+vvQIG}!vvdvv}vv?Gyvv=vv+vv8vv+vv?svv=vv{
|v"vavtv?GyvTvOhO,<vTv=v>pv+v]v9fGyv=vJv+vQGJ,h<vgvO|v"vavtv?GyvTvOhO,<vTv=v>@vqvwvxGyvAvQH
Gyvv"vv9@vvH|vv#@vvOpvvu|vv+vv9gG}8vvQh@vvjvv+vvQIvvAvv(iGC+vv9g|vv#G}|vv;Mpvv,GCZvv=vv9J,QGpvvgvv?<vvPyvvx

(23)G!vvvvvvvvdvvvvvvvvQ:Dregne and Nan-Ting Chou, «Global Desertification: Dimensions and Costs,» and

Postel, Last Oasis: Facing Water Scarcity.
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IvGv~GCWvwv;JGyvZvJv+v?hGyv=v+v8v+v?G !vWv9Fv+v?}!vdv}v?GyvQjGyvwv=v+vQIGyvAv,;vO|v#@v(Svgv%v9.
h@vv]vv9afvv9OI$vvPgGyvvAvvMvv(pvv9JGyvv=vv+vv8vv+vv?E]Gyvvgvv(G|vv{G:svvAvvZvv9O*vv?GC|CvvQIpvv,C!vvdvv}vv?GyvvQj
GyTaJ+?Gyw=+QI<9Ct9Q!?|hC!d}?GyQjGyZj+QI!T=+9

k
.

$vvvPGh*vvv(GFvvv&GyvvvQjpvvv,vvvv{|vvv#GyvvvOhdGCAvvvavvv(QIhGyvvv"vvv9|vvv+vvv?fvvv̂GyvvvTvvv(GA,|vvv"vvv9pvvvTvvv?
|vvAvvRG*vvOIfvv̂GC9A6vvOaGCJvv9pvvdvv?fvv̂Gyvvtvv+vv~Gyvv=vv+vv8vv+vv?.$vvPGGyvvavvzvv>Gyvv=vv+vv8vv,yvvzvv}vv+vv9gcvv%vvQ
vv}v"v9pvUQFv+vU|vhGyvRQGfv?fv̂GC9Apv,G}sv9y+~G@v9pv?h!vZvrG@v9pv?,pv,OhdvvDv+vQI
vvv9yvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?h<vvgvv̂GyvvOhdGyvv"vv9|vv+vv?G}LvvQi,h<vv9yvvAvv9[pvv9yvvAvv(Gpvvu<vv+#
R*v9OIGyvTvwv9f,h<vMv9Yv?pv,GC"v9_vuGAv]vQ*v?,hR*v9OIOLv{G}pvQGOpv,GyvOhdGyv"v9|v+v?,
Svvv+vvvtvvv(OGf<vvv9yvvvAvvvzvvvv+vvvOE]R*vvv9OI_vvvzvvv>GC9AyvvvzvvvMvvvO|vvv9JGyvvv=vvv+vvv8vvv+vvv?pvvv,$vvvPgGyvvvOhd,hSvvv(a
*vgvwvUFvRA|v#$vPGGyvavzv>Gyvtv+v~GC(Fv(OIyvzv}v9A(|vDv;

k
Gyvavzv>fv̂E<vtv9A@vOpvtv9JGC9A

pvvv,G}8vvv9Q<vvv}vvvTvvvAvvv(ik|vvvQ@vvvqvvvhE]GAvvvOGyvvvwvvv9pvvv,Avvv}vvv9*vvv?G}!vvvdvvv}vvv?Gyvvv=vvv+vvv8vvv+vvv?GC9Fvvv+vvv?!vvvdvvvQG
k

E]
CGv+vAv%v9).vvPyvx:<vO|v#@v(pv+vQFvRA|v#_vzv>GC+v9gyvzvMvO|v9JGyv=v+v8v+v?GCAvRG*vOIh<vMv9Yv?
yvv~Svv}vv9chG:SvvAvvMvvOG|vv9JG !vvWvv9Fvv+vv?G}LvvQi.<vvWvvwvv{fvv9eEvv\R*vv9OIGyvvTvvwvv9fhGQ@vvqvv9Y
OLv{G}pvQGO,G:Q@vqv9YGCTvAv}vQyvzvavzv>,hSv+vwv(fPyvxfv9|v;

k
IvOOG

k
yvzvAv(SvhGCTvAvtv=v\

:SAMOGeGC+9gp,GyRQGf?.

2vvvvvGyAOGL;J<+#|(QOG}QVhGy=+8?f9C+9
k

<vvv9yvvv"vvvTvvv=vvv?E]|vvv(QOG}QV<vvvOCGCgvvv%vvvOGyvvvOh[yvvvTvvv+vvv9Svvv9J<vvvJvvv(KGyvvvjvvvPGAGyvvvgvvv9C,
(IFPRI)fv9e1994pv,G<v9P|v=v9OCIyvvvvzQD*v?fv9e2020<v9yv"vTv=v?E]GyvjvPGAhGyvRQGfv?

hGyvv=vv+vv8vv?y,6vvOa@vvtvv+vv+vv~G}h\vv9YGAvv9y+?hG:vv9$vv9JE!vvAvv9LhGSvvAvv%vv;ch@vv(R*vvhGyvvjvvPGA,
6vOa@vTv%v+v{Gyv(pv9bGyvOh[fv̂G:v9$v9JGyvTv+v9Sv?GC}vwv#G@v=v9fv%v9Lv;dGyvQ<vhG}hd
|vv#GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#.h|vv#Gyvv"vvtvv9WGC%vv}vv?yvv%vvPgGyvvAvv(svvgvv9JhGyvvQD*vv9,IvvGvv~
hBCvvv9Q@vvvO$vvv(QG}QG\vvv,GyvvvRQGfvvv+vvv?;pvvv=vvvgvvv̂Gyvvv=vvv9IvvvDvvv_*vvvgvvvAvvvtvvvO<vvvzf@vvvO$vvv(QG}QG\vvv,
Svv+vvTvv=vv>@vvO$vv(QG

k
h7vvO*vvOG

k
yvvgvvQVGyvvjvvPGAGyvvgvv9C,fvv̂GCOiGyvv=vvgvv+vvO,pvv,Ivv_Kvv9Od

Gyv=vgv̂G6LvQ<vzf@vO$v(QG}QG\v,svOsvOqQ<vzvvDvQFv9Kv>hyv#*v|CvQvvDv+vQG
k

pv,fvQV
GyvjvPGAGyvgv9C,.h*vtvzvuGyvwvDv+vQhfC*v]v9

k
|v#BCv9Q@vO$v(QG}QG\v,GyvRQGfv+v?fv̂GyvTvwv9f

GyvvQ*vvqvv+vv_h<vvMvv9Yvv?pvv,G}QG\vv,GAvvO*vv?ChGyvv%vv9|vvWvv+vv?.vvv}vv9EfGyvvAvv(Svvhpvv,GSvvAvv%vv;c
G}QG\vvvv,Cpvvvvtvvvv+vvvv9

k
hfvvvv}vvvv(O*vvvv9

k
pvvvv,E!vvvvAvvvv9LGyvvvvjvvvvPGASvvvv(aLvvvvOKBCvvvv9QG

k
\vvvv9QIpvvvv,@vvvvO$vvvv(Q

G}QG\,h<9yA9[p,@O$(QGy=+8?.

yvvtvvOCOJGyvvZvvgvv(<vv9JGyvvAvvtvv"vv+vv?pvv,IvvZvvQG}QG\vv,GCAvvO$vv(QIhGyvv]vvgvvrpvv,@vv(GpvvQ
Gyvvv=vvv+vvv9!vvv9JG}Svvv9Svvv+vvv?,hGyvvvQ<vvvbGyvvv]vvvgvvv+vvvr<vvv+#@vvvO$vvv(QG}QG\vvv,hGyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?
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hGyvQ*vqv+v?,E]\vgvrfv}vz+?GyvAvJvz+{h@vgvtv+vO$v9IvAv)fv9e2020,EPG!vJvZvQGyv"vtv9T
Ivv(d@vvO$vv(QG}QG\vv,<vv+#G:LvvAvvZvv9Yvv+vv_pvv,G}QG\vv,h<vv+#G *vvwvv(yvv(Fvv+vv_,pvv,
Ivvv_EvvvDvvvzvvvBQD*vvv?GCgvvv%vvvOGyvvvOh[yvvv=vvvJvvv(KSvvv+vvv9Svvv9JGyvvvjvvvPGAGyvvvOh[yvvvgvvv9e2020pvvv,
h\vhfv9|v{@vO$v(QG}QG\v,\v}v#Hv9dSv+v9Sv?GyvAv"v}v+v?GyvRQGfv+v?hGyvQ*vqv+v?,hGyvAvQvv+vR
fvv̂O*vv"vv9|vv+vvwvv+vv?EOGQIG}QG\vv,.hEvvDvvzvvBOQGSvv9JGCgvv%vvOGCPvvv(Q<vv9 Fvv9<vv?fvv#G}Svv8vvzvv?
GyA9y+?(24):

vvvvv|vvv9$vvv(IvvvGvvv~hCGvvv+vvv?7vvvO*vvvO@vvvO$vvv(QG}QG\vvv,GyvvvRQGfvvv+vvv?G6fhfvvv9e2020fvvv̂
IG~fQVGyjPGAGyg9C,hGCJ\hf^GyOL{GyQ*q,hGSAtQGQGy=+8??

vvvvvC*#@thGC"9_uGA9OIGyAO$(QGy(GF>G@=9YS+9S?L9Y?:9$%9?

vvvvv|vvvv9$vvvv,GyvvvvZvvvv(QGAvvvv9y+?hGCTvvvvAvvvvtvvvv=vvvvz+?yvvvvAvvvvJvvvvTvvvv_G}QG\vvvv,GyvvvvRQGfvvvv+vvvv?fvvvv(\vvvv9
k

fvvvv#
G}QG\,GCAO$(QI?

vvvvv|vvv9$vvv,GC"vvv9$vvvHGCQ@vvvtvvv>G@vvv=vvv9fvvv%vvv9pvvv,Svvv+vvv9Svvv?GyvvvAvvvOLvvv{6vvvOa<vvvqvvv+vvv̂GyvvvAvvvO$vvv(Q
h@WG+h;T_GyAQH?

hy5F9<?f#G}S8z?GyT9<t?CfOqGCg%OGCPv(QCQ<hOQGS9JCS9S+?EDzB<vv:

vvvvv|QGFg?h|t9Q!?fz}+?yzOQGS9JGCA(GpQII(dIG~hBC9Q@O$(QG}QG\,.

vvvvvh\vhGC(O*v;JGyvAvav=v+vtv+v? cv%v9QBCv9Qfv}vz+9JGSvAvMvOGeG}QG\v,GCwvDvrpv,
G}QG\,G@9p?p,|"at?S9I{(Sahel)IA)f9e2020.

vvvvvh\vvvhGC(O*vvv;JGyvvvAvvvavvv=vvv+vvvtvvv+vvv? cvvv%vvv9QBCvvv9Q@vvvO$vvv(QG}QG\vvv,fvvv̂vvvv{|vvv#E!vvvAvvv9L
GyjPGAhGSA%;v&h:9Q@&f9C+9

k
.

vvvvv|vQGFvgv?GC=v9O Gyv=v+v(yv(Fv+v?hG::v9$v9Jpv,@vO$v(QGC(GQOGyvav=v+vgv+v?hGyvTvwv9!v+?,
h;vvTvv+"97vv}vv9hCSvvUG:svvAvvZvv9OG@vvRFvv,yvvAvvjvv+vvQEOGQIG}QG\vv,pvv,Gyvv%vv]vv9HG:SvvAvv(GFvv+vv?
h@a=+t979p,GyT+9S?.

hCgvvvQpvvv?GyvvvAvvvOGLvvv;J<vvv+#|vvv(QOG}QVhGyvvv=vvv+vvv8vvv?fvvv9C+vvv9
k

:<vvvO|vvv#OQGSvvv?Gyvvv"vvvtvvv9W
GyD;KGyA9y+?:

vvvvvG::9$9JGyg9C+?hBC9Q@O$(QG}QG\,h;T+"%9.

(24)Dregne and Nan-Ting Chou, Ibid.
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vvvvvGC"9_uGCAO$(QICpt+9
k

hf}(O*9
k
p,Cs9y+~GyOhdGy"9|+?hGygQ<+?.

vvvvvGyA(Y+9JGyT+9S+?A}9*?h;T_G}QG\,GyRQGf+?.

CvvvvvG::9$9JGyg9C+?hBC9Q@O$(QG}QG\,h;T+"%9

*vWv}v{GYvav;MG}QVy+UpvtvbGyvAvQHhE!v}v9C*v]v9
k

GC+v9ghGyvRQGfv9JhGyvgv"v9YvQ
GC"vvvvvv9Lvvvvvv+vvvvvv?GBvvvvvvqvvvvvv+vvvvvvqvvvvvv?}j!vvvvvvdvvvvvv9e<vvvvvv+8vvvvvv,(25).C|vvvvvv9GYvvvvvvavvvvvv;M@vvvvvvO$vvvvvv(QG}QG\vvvvvv,(Land

Degradation)pvv+vvgvv"vv,G:!vvMvvqvv9VGC|svvBChGyvvOGFvv~pvv,Gyvvavv9svv?G !vvAvv9Fvv+vv?yvv~QV(26),
Chpvvv,_vvv9svvvAvvv%vvv9Gyvvvwvvv9|vvv"vvv?yvvv5OGQIGyvvv=vvv+vvv8vvv+vvv?(27).C|vvv9GYvvvavvv;M;vvvTvvv_G}QG\vvv,(Land

Improvement),pvv+vvtvvZvvO<vv&GyvvR*vv9OIpvv,Gyvvtvv(IGyvvwvv9|vv"vv?yvv5!vvAvv9Fvv+vv?.h*vvgvvwvvUGyvvAvvjvv+vvQpvv,
G !vAv9Fv+v?GyvZv9pv+v?vv{|v#Gyvgv}vz+9JGyvav=v+vgv+v?G !vTv9!v+?GC"vAvGv?yvzvAvO$v(QhyvzvAvJvTv_pv,
Gyvvv(svvvB!vvvqvvvTvvv&(28),G@vvvOhdQsvvv~(4vvvvv6)*vvvgvvvQVCVvvvwvvv9dGyvvvAvvvO$vvv(QGCMvvvAvvvzvvvqvvv?h_vvvQb
|g9@A%9h;T+"%9.

$vv"vv9cC!vv(GYyvvAvvO$vv(QG}QG\vv,:*vv}vvwvv#G:SvvAvvqvv9OI|vv"vv%vv9pvv,G}$vvOGaGyvvgvv9|vv?

vv9}QG\v,GCAvWvtvtv?<vWvOIhGCAv}vz
q
vJv?<vOQFv9J|vAvtvO|v?.pv,|vDv{$vPgGAv9:J,pv{f

Gyvvtvv(IGyvv=vv+vv8vv+vv?hGyvv=vv+vv(yvv(Fvv+vv?Gyvvwvv9|vv"vv?pvv,G}QVSvv(a@vvAvvgvvQVyvvzvvMvvavvQfvv̂GCOi
Gyvv=vvgvv+vvO,vvv}vv9EfpvvtvvOGfGyvvAvvQ<vv?|vv(GO$vv9G}Svv9Svv+vv?,yvv%vv9Gyvv"vvAvv+vvGvv?!vvqvvTvv%vv9<vv9yvvQivv~|vv#
G6Cv9QGyv=vgv+vOIGCOifv̂GyvtvOQIG !vAv9Fv+v?GyvAv,@vAv(svrfv̂fv}vuh!v(fv+v?G}QG\v,
Gy=9s+?.

(25)*vvTvvAvvMvvOe$vvPGGyvvAvvgvvQ*vvr|vv#svv=vv{G}|vv~GCAvvJvvOIpvv,GC|EvvQGJGyvvgvv9C+vv?y+gvvQVGYvvavv;MzGyvvAvvZvvJvvQy
GyPj*W}{GCGA}g9JGyTw9!+?hGA+(G!+?E\9p?E]G}QV.

(26)pv,GCqv%v(eG:svAvZv9Oj*vtvZvO<vvzGyvav9sv?yChzGyvtvOQIG !vAv9Fv+v?yv~QVy|v9*v}vwv#GAvZv(dfvz+&|v"v%v9
Svvv"vvv(*vvv9

k
(|vvv#ivvvzvvv?GC"vvvAvvvHChGyvvvRQGfvvv?Gyvvvavvv=vvv+vvvgvvv+vvv?Ch@vvvOpvvvuGC+vvv9gh$vvvwvvvPG)fvvv"vvvO|vvvTvvvAvvv(iCvvv9<vvvB|vvv#GCOLvvv;JLvvv;a

G}QV.|vDv;
k

fv"vOGSvAvMvOGevv}v+v9JCfv̂|v#|vTvAv(*v9JGyvAvTv}v+vOyvzv}vJv9pvdv?fv̂iv;dGCJv9Yv+v{,pv;<vO|v#Cf
;vvOK<vvgvv̂CVvvwvv9d@vvO$vv(QGyvvAvvQH.:IvveYvvgvv(<vv?GSvvAvvMvvOGe@vvgvvQ*vvr|vv=vvTvvb!vvdvvQG

k
E]CfGSvvAvvGvv9<vv?Gyvvjvvzvv?GCMvvAvvzvvqvv?

iv9yv=v9
k

|v9@vAv(svrfv̂@vgv9hfGCOLv{h!v(YGCMvQL(GC"vAvH).h*v}vwv#Cf*vgv(O@v"v9sv[Gyvjvzv?|v=v9VvQIE]@vO$v(QGyvAvQ<v?
fvv=vvQGSvvAvv"vvqvv9OGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?ChGQ@vvqvv9Y|vvTvvAvv(iGC+vv9gG}Q\vv,ChSvv}vv+vv?GyvvAvvQ<vv?<vvWvvwvv{ivv+vvQ|vv=vv9VvvQfvv=vvQ@vvO$vv(Q
GyAQHCh!A+G?!}(G}fW9HGyOGF}?p+%9,|9*t(OE]Lq^$PgGyjz?.

(27)@vvWvv}vv{G OGQIGyvv=vv+vv8vv+vv?vvv{|vv#OhQIGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?hGyvvQjhGyvvZvvQah@vv"vvtvv+vv?GCzvv(Cvv9Jh@vvZvvqvv+vv?GC+vv9g
h;(*z%9h@WG+h!}(GyRQGf9Jp,Gy=+(JGy=;SA+w+?.

(28)S. J. Scherr and S. Yadav, «Land Degradation in the Developing World: Implications for

Food, Agriculture, and the Environment to 2020,» (2020 Discussion Paper; no. 14, International Food

Policy and Research Institute (IFPRI), Washington, DC, 1995).
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G@OhdQs~(4vvvvv6)
CVw9d@O$(QG}QG\,h;T+"%9p,GyOhdGy"9|+?hGygQ<+?

Gyg"ZQGyAO$(QGyAJT_

EOGQIGyvvvvvvvvvvvvvvvvvAvvvvvvvvvvvvvvvvvQH

Gyq+R*t+?
@Zz

q
>SaKGyAQ<?

@Zz

q
>v9|{GyAQ<?

@W}

q
hGyAQ<?

G:!GQGaGC9F,
G:!GQGaGyQL,
fOeGyRQGf?

GyRQGf9JGCQ$t?

IqeGyAQ<?<{s9|?GA(GFR
Es9|?GyAQGS9J(GCZ9_>)
Ef9OIRQGf?G}QG\,GCGQOI
>9*?G}VG9Q
Ef9OI@qA+BhIQGC?GyAQH

@gR*uG}FRGA
GCJ9Y+{GCja9I
RQGf?G}VG9QyAMq+rIOIGyQ*9M
;T__QbGyRQGf?

EOGQIG}QG\vvvvvvvvvvvvvvvv,
hGC+9g

GyZQaGywA+~
G:!GQGaGC9F,
Lq^sOQIIGRGC+9g
Lq^GyQVKGCz(I?

GyQj

IZ9OGC+9g
GyZQaGAt\
YQa|+9gG:!GQGa

GyAQV+KGCAtah

EOGQIGyvvvvvvgvvvvvv"vvvvvv9YvvvvvvQ
GyvvvvZvvvvjvvvvQihGC9OI
Gyg](*?

Gytz(*?
GA}(\?
ptOGyg"9YQ
ERGy?GC9OIGyg](*?
IQbGCMzq9JGy"=9@+?
!](HGyg"9YQ

GyAQV+K
GyAT}+O<9yT}9OGy=zOj
GyAT}+O<9yT}9OG}L]Q
GyAT}+O<}Mzq9JGA+(G!9J

iT{GyAQHGCzJ+?hGytz(*?
@wz+UGyAQHGA}]+?

EOGQIGyvvvvvvvvvvvvvAvvvvvvvvvvvvvQ<vvvvvvvvvvvvv?

<+(y(F+9
k

G:SAMOGeGCARG*Oyzw+}+9F+9JGyRQGf+?
GyAz(KGyZ"9f,

@tO*~Gyg](*9JGA+(*?
@D=+BG}RhJhGyg](*9JGyZj+QI

G OGQIGy"=9@+?@tz+[Gyja9AGy"=9O
@tz+[GyA"(YGA+(j
@tz+[p,@"d+~G}!(GY
@tz+[p,G}!(GYGyt+}?

R*9OIGyja9AGy"=9O
R*9OIG}!(GY
;T_@"d+~G}!(GY
;T_G}!(GYGyt+}?

GCZvOQ:S. J. Scherr and S. Yadav, «Land Degradation in the Developing World: Implications for

Food, Agriculture, and the Environment to 2020,» (Food Agriculture and the Environment Discussion

Paper;14, International Food Policy and Research Institute (IFPRI), Washington, DC, 1995).

h*vv}vvwvv#;vv9Vvv,|vvgvvdvv~C!vv(GY@vvO$vv(QGyvvAvvQH,hPyvvx<vv{\vv9pvv?Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?
yvv~QG\vv,Gyvvqvv9svvOIyvv%vv9hEfvv9OI<vv"vv9ASvvavvKGyvvAvvQHfvv=vvQEYvv;Ivv%vv9hEfvv9OIGyvvRQGfvv?Ey+%vv9.
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h@vvAvv(svvrEfvv9OI<vv"vv9AG}QG\vv,GCAvvO$vv(QIfvv}vvz+9
k

fvv̂GyvvAvvwvv9y+rGyvv"vvTvv=vv+vv?yvvtvv+vv}vv?GC"vvAvvHCh
Gyvvqvv(GsvvOGyvv=vv+vv8vv+vv?GCAvv(svvgvv?.hIvv+vvE*vvQivv>GCRGQfvv(f<vvAvvwvvDvv+vvrG !vvAvv9LGyvvRQGfvv,fvv̂CSvvU
Cvvv9<vvvAvvv?,pvvv}vvv#Gyvvv]vvvQhQjR*vvv9OIG:SvvvAvvvDvvv}vvv9QGJAvvv}vvv9*vvv?G}QG\vvv,,hR*vvv9O7vvv9IvvvAvvv)pvvv,
G}QG\,i+QGCAO$(QI.

(1)BC9Q@O$(QG}QG\,hs+9S&

$vvv"vvv9cYvvvgvvv(<vvv?pvvv,IvvvZvvvQG}CvvvQGyvvvqvvvgvvv\hGyvvv(GSvvvhyvvvAvvvO$vvv(QG}QG\vvv,,EPivvv9yvvv=vvv9
k

|vvv9
*vAvGv9$v{GCRGQfv(fBCv9Q@vO$v(QCQG\v+v%v~hPyvx<vAvJv(*vzv%v9E]GSvAvMvOG|v9JCsv{_vzv=v9

k
ChE]

R*vv9OI|vvTvvAvv(*vv9JGCOLvv;JyvvzvvAvvgvv(*vv̂fvv#GyvvAvvO$vv(Q(|vvDvv;
k

:GSvvAvvMvvOGeG}Svv}vvOIyvvzvv}vvJvv9pvvdvv?
fv̂Cv=v9JGyvjv;d).h!v9OQG

k
|v9@vwv(fGyv"vTv=v?pv,Gyvgv;sv?<v+#vv}v+v?GyvAvO$v(QhG}CvQpv,Gyvjvzv?

vvv"vvTvv=vv?1:1;pvv}vvDvv;
k

:*vv}vvwvv#GyvvAvvQHGyvvgvv}vv+vvtvv?!vvTvv=vv+vv9
k

Cf@vv=vvtvv,@vvqvvAvvAvv%vv9$vv9OFvv9
k
yvvqvvAvvQI_vv(*vvzvv?|vv#

GyvvvR|vvv#svvv=vvv{Cf*vvvAvvv=vvvzvvv(QCCvvvQ$vvv9fvvv̂ivvv;dGCJvvv9Yvvv+vvv{.hGyvvv(GsvvvhCf$vvv"vvv9c<vvvQG$vvv_IvvvOhOI
vvvv=vvvOG*vvv9Jfvvv̂|vvv9@vvv"vvvAvvvGvvv&fvvv}vvvz+9JGyvvvAvvvO$vvv(Q|vvv#BCvvv9QGsvvvAvvvZvvv9O*vvv?h<vvv+8vvv+vvv?fvvv̂C!vvv(GYGyvvvAvvvQH
hGCJvv9Yvv+vv{GCMvvAvvzvvqvv?.$vvPGh@vvTvvAvvMvvOefvvOIYvv(QAvvZvvQG6Cvv9QG:svvAvvZvv9O*vv?yvvzvvAvvO$vv(Q,EP
*v}vwv#sv+v9S@vwv9y+rGyvAvO$v(Q<vAvJvO*vOGyvgv"v9YvQGCqvtv(OICh<vAvtvO*vQsv+v}v?Gyvjvzv?GCqvtv(OICh
<vvtvv+vv}vv?GCOLvv;JG \vv9pvv+vv?yvvzvv}vvRQfvv?yvvzvv}vvJvv9pvvdvv?fvv̂|vvTvvAvv(iGyvvjvv;dCh<vvAvvwvv9y+rEfvv9OI
GSvvvAvvvZvvv;MGyvvv=vvvtvvvgvvv?ChGC"vvvavvvtvvv?GCAvvvO$vvv(QIhpvvvtvvv9

k
yvvv(\vvvgvvv%vvv9GyvvvTvvv9<vvvu.hKvvv>@vvvtvvvO*vvvQ@vvvwvvv9y+r

GyvAvO$v(Q<vWvwv{E=v9[|vhGAvPQ<v(Fv(HGSvAvMvOGeGCgv9O:JGyvtv+v9Sv+v?GCQ@v=vav?<v}vTvAv(*v9J
GyvvAvvO$vv(QGBvv9Yvv?<vv9yvvjvv;dGCqvvtvv(OIGCtvvOQI.hhpvvtvv9

k
yvvAvvtvvO*vvQGJGyvvjvv;dGCqvvtvv(OI*vv}vvwvv#@vvtvvO*vvQ

v}+?GCOL;Jhs+}A%9Gy;R|A_yQphG !A9F+?E]|TA(*979GyT9<t?(29).

(2)IG~@O$(QG}QG\,

PvvvvQ!vvv9pvvv,GyvvvqvvvtvvvQI(1)GyvvvTvvv9<vvvtvvv?Ivvv9h:JGyvvv=vvv9IvvvDvvv_hhyvvvrh<vvvQGhffvvv9e1992,
h|vv9<vv(Jfvv9e1984,hSvvAvv(vvv+"kfvv9e1986,h<vv+Wvv(HhByvv#fvv9e1989,h!vv+zvvTvv(f
fvv9e1988,h@vvWvv(hOQ*vvjvv#fvv9e1992,GCMvvAvvzvvqvv?yvvAvvtvvO*vvQIvvGvv~G}QG\vv,GCAvvO$vv(QI
pvvv,vvvv{|vvv#GyvvvOhdGCAvvvavvv(QI,vvvv9yvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?,hGyvvvOhdGyvvv"vvv9|vvv+vvv?(30).

(29)GCZOQ!qT&.
(30)G!vvvvvvvvvvvvdvvvvvvvvvvvvQ:Brown and Wolf, Soil Erosion: Quiet Crisis in the World Economy; Mabbutt, «ANew

Global Assessment of the Status and Trend of Desertification»; Bishop and Allen, «The On-Site Costs of

Soil Erosion in Mali»; Dregne and Nan-Ting Chou, «Global Desertification: Dimensions and Costs»; R.

Nelson, «DrylandManagement: The Desertification Problem,» (World Bank Environmental Department

Paper; no. 8, 1988), and M. Stocking, «The Cost of Soil Erosion in Zimbabwe in Terms of the Loss of

Three Major Nutrients,» (Consultant’s Working Paper; no. 3, Soil Conservation Program, Land and

Water Development Division, AGLS, Food and Agriculture Organization (FAO), Rome, 1986).
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hG|vvAvvOJOQGSvv9JGyvvgvvzvv}vv9AhGyvv=vv9IvvDvv_GCPvvv(QIfvv̂|vvOGQGyvvgvvtvvOGC9\vv,fvv̂GCTvvAvv(*vv_
Gyvvgvv9C,hG svvz+}vv,6vvOa|vvgvvQpvv?BCvv9QGyvvAvvO$vv(Qpvv,fvvQVGyvvjvvPGA.h!vvdvvQG

k
E]vvv(f$vvPg

GyvvOQGSvv9Jpvv,<vvOG*vv97vv9,h}f_vvQbGAvvZvvQGC;Fvv}vv?|vv9RGyvvBivv+vvQ|vvAvvavv(QI,pvv+vvqvv]vv{
GfvvAvv=vv9Q_vvQbIvvZvvQG}QG\vv,GCAvvO$vv(QIfvv9C+vv9

k
(Global Assessment of Soil Degradation

(GLASOD))GyvvvAvvv,CfvvvO$vvv9ChyvvvO|vvv9fhSvvv(|vvv=vvvQh*vvvx(Sombroek)h$vvv9vvvvz+"vvvk(Hakkeling)

fvvvvv9e1990,hOQGSvvvvv9JGCtvvvvv9Q!vvvvv?GyvvvvvAvvvvv,CfvvvvvOq$vvvvv9@vvvvvWvvvvv((Chou)hOQ*vvvvvjvvvvv#(Dregne)fvvvvv9e
1992(31),p,H9dGyAt++~,||VQG

k
f^Cp]{|9$(|A(GpQ.

h|vvv9*vvv}vvv+vvvRLvvvQ*vvvavvv?ivvv;Svvv(O(Glasod)fvvv#OQGSvvv?@vvvWvvv(hOQ*vvvjvvv#,pvvv,CfOQGSvvv?
GBvvQ*vvavv?svvOfvvQqpvvBfvv}vvz+?GyvvAvvO$vv(Q<vvz8vv9:zGyvvgvv}vvz+?GyvvAvv,<vvqvv̂,Ivv9y+9

k
Ch|vvTvvAvvtvv=vv;

k
,

_vv9svv?GyvvAvvQH !vvAvv9LGyvvTvvzvvhChGBvvO|vv9JChvvvzvvAvv+vv%vv}vv9,hVvv}vvzvvBvvv;
k
|vv#G:!vvGvvQGpvv9J

GC9Fvv+vv?hGyvvQLvv+vv?hGyvvAvvO$vv(QGyvvqvv+vvR*vv9Fvv,hGyvvwvv+vv}vv+vv9Fvv,y,pvv,Ivv_C\vv9pvvBGyvvOQGSvv?GyvvDvv9!vv+?E]
C!vv(GYGyvvAvvO$vv(QG}Q<vvgvv?GyvvTvv9<vvtvv?,vvv;

k
|vv#@vvO$vv(QGyvvRQGfvv?h@vvO$vv(QGyvvAvvQ<vv?.vvv}vv9fvvQqpvvB

fvv}vvz+?GyvvAvvZvvJvvQ<vvz8vv9:zGyvvgvv}vvz+?Gyvv"vv9:vv?|vv#pvvgvv{G !vvTvv9fyvvAvvO$vv(QG}QG\vv,GyvvAvv,*vv}vvAvvO
|vvOG$vv9pvv,GyvvWvvOI,|vv#GyvvAvvO$vv(QGBvvqvv+vvrE]GyvvAvvO$vv(QGyvvWvvO*vvO,pvv+vvJvvOKBCvv9QG

k
@vvWvv}vv{

G:!GQGp9J<"(f+%9,hGCz(I?h@QGv~GyT}+9JGyw+}+9F+?hGyAO$(QGyRQGf,(32).

vvPyvx@vWv+vQOQGSv?ChyvO|v9fhSv(|v=vQh*vx(iv;Sv(O)<vzf@vO$v(QCQVGCJv9Yv+v{
*vAvQvvRpv,Gyvtv9QIG}pvQ*vtv+v?h*v|CvQpv,65pv,GC8v?|v#|vTv9Iv?CQG\v,Iv9Yv+vzv%v9<v9Ctv9Q!v?
|vvh51pvv,GC8vv?h38pvv,GC8vv?|vv#|vvTvv9Ivv?CQVGCJvv9Yvv+vv{pvv,vvv{|vv#C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?
hBSvv+vv9.vvv}vv9Ef@vvO$vv(QCQG\vv,GCQGfvv,*vvAvv=vvzvv(Q<vvWvvOIpvv,Gyvvtvv9QIG}pvvQ*vvtvv+vv?IvvOCvv9

k
CCvvQgpvv,

31pv,GC8v?|v#|vTv9Iv?|vQGfv+v%v9|vtv9Q!v?<vvv14pv,GC8v?h20pv,GC8v?|v#|vTv9Iv?GCQGfv,
pvv,Gyvvtvv9Q@vv+#G}|vvQ*vvwvv+vv?Gyvv;@vv+"vv+vv?hG6Svv+vv(*vv?fvv̂GyvvAvv(G[.C|vv9GyvvAvvO$vv(QGyvvjvv9<vv(jpvv+vvAvv=vvzvv(Q
<vv(\vv(Mpvv,Gyvvtvv9QIG6Svv+vv(*vv?|vv|CvvQG

k
pvv,27pvv,GC8vv?|vv#|vvTvv9Ivv?ivv9<vv97vv9,|vvtvv9<vv{19pvv,

GC8?h14p,GC8?|#|T9I?Gyt9Q@+#G}pQ*t+?hC|Q*w9Gy;@+"+?(33).

(3)Y(Q@O$(QG}QG\,

*vvgvvAvv=vvQG!vvMvvqvv9VGyvvtvv(IGyvvwvv9|vv"vv?yvvzvvjvv;d|vv#C$vv~Yvv(Q@vvO$vv(QGyvvAvvQHfvv̂|vvTvvAvv(i
GCRQfv?Iv+vE*v"vgvwvU$vPGGyvAv%vO*vOpv,R*v9OIGyvavzv>fv̂GCOLv;J(vv9}Sv}vOI)6vOa

(31)Oldeman, Hakkeling and Sombroek, «World Map of the Status of Human-induced Soil

Degradation: An Explanatory Note,» and Dregne and Nan-Ting Chou, Ibid.

(32)Dregne and Nan-Ting Chou, Ibid.

(33)Oldeman, Hakkeling and Sombroek, Ibid.
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GCJv9pvdv?fv̂Gyvjv;d.h*vtv(O$vPGGyvAvO$v(QGyvqvgqv9dGCRGQfv_E]@vQcGyv=vtvh|v#CQG\v+v%v~
GCAvvO$vv(QI|vv#OhfRQGfvv?<vvgvv̂Gyvv(svvB,Ch;vv(*vv{$vvPgG}QG\vv,E]GSvvAvvMvvOG|vv9JCsvv{
sv+v}v?.pv}vRGQfv(CpvQ*vtv+v9|vDv;

k
*vTvAvgv+v]v(ffv#RQGfv?Gyvwv9Sv9pv9<vRQGfv?GyvPQIpv,G}QG\v,

GCAvvO$vv(QICh*vvAvvQvvv(8vv9<vv(QG
k
pvvAvvQI|vv#GyvvR|vv#,vvv}vv9;vv(dCQG\vv,GCJvv9Yvv+vv{E]CQG\vv,

GCQf),hvPyx;(dCQG\,GyQf,E]i9<9JChE]CQG\,VG+QGJ.

h*vvTvv=vv>GyvvAvvO$vv(Qyvv=vvgvv̂GCRGQfvv_pvv,<vvtvvh|vvgvv+"?|vvWvv9vvv{GsvvAvvZvv9O*vv?,EP*vvAvv=vv"vv)
$vvv|:AGCRGQfvvv(fGSvvvAvvvQG@vvv+Gvvv+vvv?fvvvRd@vvvzvvvxGyvvv=vvvtvvvgvvv?fvvvOISvvv"vvv(GJ.hyvvvwvvv#|vvv#Gyvvv]vvvQhQj
|vvgvvQpvv?GCRGQfvv_CfG!vvMvvqvv9VGyvvjvvzvv?y+USvv=vv=vv&pvvtvvbG!vvGvvQGaGyvvAvvQ<vv?,EPsvvO*vvwvv(fPyvvx
<vvvTvvv=vvv>G}Yvvv"vvv9ahSvvv;:JGCJvvv9Yvvv+vvv{hsvvvTvvv9hIG}QVhfvvv}vvvtvvv%vvv9.hyvvvPyvvvxKvvv>fvvvOe
Q<bG!Mq9VGyjz

q
?<9!GQGaGyAQ<?vz+?.

|v#Fv%v?CLvQi,*v}vwv#CfL
o
vOK@vO$v(QG}QVGyvRQGfv+v?BCv9QG

k
Svzv=v+v?|v%v}v?Lv9QL

GCRQfvv?*vvavvzvvufvvz+%vv9G:svvAvvZvv9O*vv(fGSvv~G6Cvv9QGBvv9QFvv+vv?yvvgvv}vvz+?GyvvAvvO$vv(Q(Externalities).
h|vvv#C|vvvDvvvzvvv?Pyvvvx:fvvvRdGyvvvAvvvQHGCAvvvqvvvwvvvwvvv?Ivvv(dG}8vvv9QhLvvvzvvvrGyvvvTvvvOhO;@vvvzvvv(*vvvE|vvv+vvv9g
GyvvWvvQH<vv9yvvwvv+vv}vv+vv9Fvv+vv9JGyvvRQGfvv+vv?;|vvWvv9vvv{GyvvZvvJvv?hCLvvavv9QGyvvqvvtvvQ<vvTvv=vv>@vvqvvAvvBG}QG\vv,
<(GSa?GyQ*9M,@tz[GC(_#<T=>GyAO$(QGyRQGf,hG}QG\,GyRQGf+?(34).

vvvPyvvx*vv}vvwvv#Hvv}vv(fvv?Gyvvgvv(G|vv{ivv+vvQGyvvRQGfvv+vv?E!vvWvv9Ah@vvwvv(*vv#$vvPgG6Cvv9QGBvv9QFvv+vv?
GyvvvAvvv,EvvvOfvvv}vvvz+?@vvvO$vvv(QG}QG\vvv,GyvvvRQGfvvv+vvv?fvvv=vvvQGSvvvAvvvgvvv}vvv9yvvv%vvv9hEOGQ7vvv9GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?
hC|vDvzv?Pyvx:GyvAv}vOOGAv]vQj,@vzv(KGyvAvQH<v9CMvzvqv9JGyvZv"v9fv+v?hEOGQIGyvqv]v;J,
;vv(*vv{GC(GQOGC9Fvv+vv?GCJvvz+?yvv;SvvAvvMvvOG|vv9Jivv+vvQGyvvRQGfvv+vv?,<vv"vv9AGyvv=vv"vv)GyvvAvvJvvAvv+vv?hGyvvavvQb
GyvvAvv,@vv"vvMvvQG}QG\vv,GyvvRQGfvv+vv?pvv,fvv}vvtvv%vv9,svv(GfvvOGAvv}vv9*vv?yvvzvvAvv"vv(YGAvv+vv(jGCJvvOqI OGQI
hGSAMOGeG}QG\,GyRQGf+?.

(4)GyAtO*QGJGyOhy+?hGCJz+?Gy"tO*?yAO$(QG}QG\,

@vvv(FvvvOfvvvOIOQGSvvv9JOhy+?@vvvgvvvQ\vvvByvvv7Cvvv9QGyvvv"vvvtvvvO*vvv?yvvvgvvv}vvvz+?@vvvO$vvv(QG}QG\vvv,
GyvvvRQGfvvv+vvv?hG !vvvAvvv9LGyvvvRQGfvvv,.h|vvv#C<vvvQR$vvvPgGyvvvOQGSvvv9JOQGSvvv?<vvvQ!vvv9|vvvHG}|vvv~GCAvvvJvvvOI
G !vvv}vvv9Fvvv,(UNDP)GyvvvAvvv,svvvOQJGyvvvtvvv+vvv}vvv?Gyvvv"vvvtvvvO*vvv?yvvvzvvvqvvvtvvvOpvvv,G !vvvAvvv9LGyvvv"vvv9@vvvH|vvv#@vvvO$vvv(Q
G}QG\vvv,pvvv,GC"vvv9_vvvuG@vvv9pvvv?<vvv+#13h28<vvvz+(fOh:QSvvv"vvv(*vvv9

k
pvvv,Gyvvvgvvv9D.C|vvv9G!vvvGvvvQGa

GyvvvAvvvQHpvvvAvvvtvvvOQLvvvTvvv9Q@vvv&<vvvvv26<vvvz+(fOh:Q/GyvvvTvvv"vvv?C*vvv]vvv9
k

,|vvv"vvv%vvv912<vvvz+(fOh:Qpvvv,

(34)Scherr and Yadav, «Land Degradation in the Developing World: Implications for Food,

Agriculture, and the Environment to 2020».
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GyvvvOhdGyvvv"vvv9|vvv+vvv?(35).vvvv}vvv9@vvvtvvvOQGBvvvTvvv9QIGyvvv"vvv9:vvv?|vvv#@vvvO$vvv(Q=vvv+vvvhC!vvv(GYG}QG\vvv,pvvv,
Fvv"vv(HBSvv+vv9hIvvO$vv9|vv9<vv+#9,8h11<vvz+(fOh:QSvv"vv(*vv9

k(36).h|vv#Gyvv]vvQhQI<vv}vvwvv9f
CLvvP$vvPgGyvvAvvtvvO*vvQGJ<vvgvv_G:fvvAvv=vv9Q|vvtvv9<vv{Gyvvtvv+vv}vv?Gyvvwvvz+?yvvzvv"vv9@vvHG =vv9[GCJvv\yvvgvv9e

1985Gyv=v9yvk231<vz+(fOh:Q}pvQ*vtv+v9h126<vz+(fOh:Q6Sv+v9h76<vz+(fOh:Q
}|vQ*vwv9Gyv;@v+"v+v?(fvOGGyvZv_hpv+v+vAv"v9eh8OhdBSv+v(*v?h19Ohyv?CpvQ*vtv+v?h7Ohdpv,
C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?)(37).vvvPyvvx<vv+q"vvBOQGSvv?ChyvvO|vv9fhSvv(|vv=vvQh*vvx(ivv;Svv(O)hOQ*vvjvv#
h@vWv(hFv(OpvtvO@vQGvv}v,pv,G !vAv9Fv+v?Lv;dGyvqvAvQI1945vvvvv1990svOQg17pv,GC8v?
fv̂GCTvAv(iGyvgv9C,Sv=v=v&@vO$v(QG}QG\v,.hyvtvOvv9fyv"v}v(G !vAv9LGyvjvPGFv,Gyvgv9C,|v#
Fv%v?,h:!vMvqv9VCSvgv9QGAv=v(H|v#Fv%v?CLvQi,iv+vQGCAv(svgv_pv,GyvqvAvQI!vqvTv%v9BCv9Q
p,G !G9RGyw\ia

q
Bf^BC9QGyAO$(Q(Gyvv17p,GC8?Gy"t[p,G !A9L).

h6vvvOa|vvvgvvvQpvvv?G6Cvvv9QGCTvvvAvvv}vvvQI:!vvvMvvvqvvv9VE!vvvAvvv9Fvvv+vvv?GCJvvv9Yvvv+vvv{10pvvv,GC8vvv?pvvv,
GyvvOhdGyvv"vv9|vv+vv?<vvgvvOQ<vvhsvvQf|vvh@vvO$vv(QVvvO*vvO}QG\vv,GyvvZvv_hGyvv=vv9vvvTvvAvv9fCfvvOqGCgvv%vvO
GyvvvOh[yvvvTvvv+vvv9Svvv?<vvvJvvv(KGyvvvjvvvPGA(IFPRI)fvvv=vvvQ<vvv9IvvvDvvv+vvv&Civvv+vvv([(Agcaoili)hBLvvvQhf(38)

|vv(O*vv;
k

Lvv9Yvv9
k
<vv{!vvAvv9Lh:vv9QIGyvvjvvPGApvv,Gyvvgvv9DVvv}vv{|vv]vv}vv(fGyvv"vv}vv(PLG}hdyvvavvzvv>

GyjPGA|]9p9
k

Ey+&G:pAQG\9JGyA9y+?:

vvvvvG!vvvMvvvqvvv9V!vvv}vvv(E!vvvAvvv9Fvvv+vvv?GCJvvv9Yvvv+vvv{pvvv,Gyvvv=vvv9vvvvTvvvAvvv9fE]50pvvv,GC8vvv?hG!vvvMvvvqvvv9V
GCT9I?GCRQhf?p+%9<"T=?1p,GC8?<T=>GyA}zK.

vvvvvG!vMvqv9V!v}v(E!vAv9Fv+v?G}QRpv,GyvZv_50pv,GC8v?h21pv,GC8v?pv,GCJv9Yv+v{
G}LQif#GyT9<u.

hsvvvvOfvvvvwvvvvUGyvvvv"vvvv}vvvv(PLGCPvvvvv(QG:!vvvvMvvvvqvvvv9VGC=vvvvQ|vvvvH}Svvvvgvvvv9QGyvvvvjvvvvPGAGyvvvvgvvvv9C,,

(35)Farming Systems Principles for Improved Food Production and the Control of Soil Degradation

in the Arid, Semi-arid, and Humid Tropics: Summary Proceedings of an Experts’ Meeting, by United

Nations Environment Programme (UNEP) (India: ICRISAT, [1986]).

(36)United Nations Development Programme (UNDP), United Nations Environment

Programme (UNEP) and Food and Agriculture Organization (FAO), Land Degradation in South Asia:

Its Severity, Causes and Effects upon the People (Rome: FAO; UNDP; UNEP, 1994).

(37)World Resources Institute (WRI), United Nations Environment Programme (UNEP) and

United Nations Development Programme (UNDP), World Resources, 1994-1995 (New York: Oxford

University Press, 1994).

(38)M. Agcaoili, N. Perez and M. Rosegrant, «Impact of Resource Degradation on Global

Food Balances,» paper presented at: The Workshop on «Land Degradation in the Developing World:

Implications for Food, Agriculture, and Environment to the Year 2020,» April 4-6, Annapolis, Maryland

(Washington, DC: International Food Policy Research Institute (IFPRI), 1995).
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h@vv=vvzvv(QJ!vvAvv9FvvGvv&<vvR*vv9OIIvv9:JSvv(AGyvvAvvjvvP*vv?pvv,Gyvvgvv9DGyvv"vv9|vv,,EPSvv+vv]vv9a|vv#7vvvvv9
|v;*v__vqv{Sv"v(*v9

k
E]sv9Fv}v?G}_vqv9dGCZv9<v+#<vTv(AGyvAvjvP*v?pv(bGBvbG}Sv9Sv,GCtvOQ

<vvvv26|vz+(f_vqv{fv9e1995,vv}v9Sv+vQ@vqvhGSvAv+vQGOGyvtv}vKpv,GyvOhdGyv"v9|v+v?h<vMv9Yv?
p,GyZ_hiQHBS+9(39).

h*vvtvvAvvQM$vvPGGyvvTvv+"9Q*vv(ChGyvv"vv}vv(PL<vvzf@vvO$vv(QG}QG\vv,hGyvvgvv(G|vv{G:svvAvvZvv9O*vv?
G}LvvQipvv,Csvv9y+~IvvOOI(vvv9yvvZvv_hGyvv=vv9vvvTvvAvv9fhivv+vvQGvv9)SvvAvv|CvvQ<vvWvvwvv{|vvgvvAvvOdpvv,
fvvQVGyvvjvvPGAGyvvgvv9C,!vvdvvQG

k
E]CfGyvvtvv(IG !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?yvvzvv}vv"vv9_vvuhG}QG\vv,GyvvRQGfvv+vv?

G}LvvQiSvvAvvgvv(VGyvv"vvtvv[pvv,G}QG\vv,GCAvvO$vv(QI,yvv=vvgvv̂|vv"vv9_vvuGyvvgvv9DGyvv"vv9|vv,.$vvPG
h*vv}vvwvv#Cf@vv|CvvQGyvvgvv(G|vv{G:svvAvvZvv9O*vv?G}LvvQi,vvv9}Svvgvv9Q|vvDvv;

k
,fvv̂fvvQVGyvvjvvPGA

Gyg9C,hI9y?GyAjP*?CvDQ|#@zC+Qf9|{@O$(QG}QG\,.

|vvvv#Fvvvv%vvvv?CLvvvvQisvvvvOqQGyvvvv=vvvv9IvvvvE:d(Lal)fvvvv9e1995IvvvvGvvvv~GyvvvvqvvvvtvvvvOpvvvv,ivvvv;d
GCJvvv9Yvvv+vvv{fvvv̂|vvvTvvvAvvv(iGyvvvtvvv9QIG}pvvvQ*vvvtvvv+vvv?Gyvvv"vvv9@vvvH|vvv#G:!vvvGvvvQGaGC9Fvvv,hGyvvvQLvvv,,hpvvvtvvv9

k

yvzv=v+v9!v9JGCAv(GpvQIfv#Gyvgv;sv?<v+#|vgvO:JG:!vGvQGahE!vAv9Fv+v?GCJv9Yv+v{<vvv2vvvvv40pv,
GC8v?h<v}vAv(SvbsvOQg8,2pv,GC8v?CGv}v{Gyvtv9QIh6,2pv,GC8v?}pvQ*vtv+v9GyvZvJvQGh*v?.vv}v9
svvO
q

QGyvv"vvtvv[GyvvTvv"vv(jpvv,E!vvAvv9LGAvv=vv(HhGyvvOQ!vv+9JhGyvv=vvtvv(y+9Jpvv+vv%vv9<vvvv3,6|vvz+(f_vv#,
6,5|vvvvvvz+(f_vvvvvv#h0,36|vvvvvvz+(f_vvvvvv#fvvvvvv9e1989fvvvvvv̂GyvvvvvvAvvvvvv(G[.hpvvvvvv,Ivvvvvv9yvvvvvv?@vvvvvvQGvvvvvvv~

G:!vvGvvQGpvv9J,pvv}vv#GCAvv(svvhCf*vvZvv{Gyvv"vvtvv[pvv,Gyvvjvv;dpvv,Hvv}vv{Gyvvtvv9QIG}pvvQ*vvtvv+vv?hpvv,
CpQ*t+9GyZJQGh*?f9e2020E]16,5p,GC8?h14,5p,GC8?f^GyA(G[(40).

$vvvPGh@vvvAvvv(GpvvvQ@vvvtvvvO*vvvQGJh_vvv"vvv+vvv?6Cvvv9QGyvvvAvvvO$vvv(QG}Q\vvv,pvvv,E!vvvAvvv9Fvvv+vvv?GCJvvv9Yvvv+vvv{
yvvzvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?,pvvqvv,Svv=vvh|vv#GyvvOhdG}pvvQ*vvtvv+vv?@vvtvvh|vvgvvO:JGyvvqvvtvvOGyvvTvv"vv(j
pvv,G !vvAvv9L<vv+#0,04vvvvv11pvv,GC8vv?,hpvv,CQ<vvh|vv#OhdFvv"vv(HVvvQbBSvv+vv9hCvv;K
|vv#OhdGyvvWvvQbG}hSvvb@vvZvv{|vvgvvO:JGyvvqvvtvvOGyvvTvv"vv(jChGyvvAvv"vv9svv[ChGyvvAvv"vv9svv̂pvv,
Gyj;dE]CvDQ|#20p,GC8?(41).

|vvv#Fvvv%vvv?CLvvvQisvvvOqQGyvvv=vvv9IvvvEGyvvvTvvv9<vvvuG6Cvvv9QGyvvv"vvvtvvvO*vvv?GyvvvTvvv"vvv(*vvv?GAvvv9Yvvvzvvv?<vvvqvvvgvvv{
GyvvAvvO$vv(QG}Q\vv,pvv,@vvTvvh|vv#GyvvOhdG}pvvQ*vvtvv+vv?<vvzsvv{|vv#1pvv,GC8vv?|vv#!vv9:vv%vv9G =vv9[

(39)GCZOQ!qT&.
(40)R. Lal, «Erosion-crop Productivity Relationships for Soil of Africa,» Soil Science Society of

America J., vol. 59, no. 3 (1995).

(41)Scherr and Yadav, «Land Degradation in the Developing World: Implications for Food,

Agriculture, and the Environment to 2020».
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GCJvvv\GyvvvRQGfvvv,.h@vvvQ@vvvqvvvh$vvvPgGyvvv"vvvTvvv=vvv?pvvv,|vvv;hjE]3pvvv,GC8vvv?,hpvvv,ivvv9!vvv9E]5pvvv,
GC8vvv?,h|vvvDvvvzvvv%vvv9pvvv,ECvvv+vvv(<vvv+9,hE]9pvvv,GC8vvv?pvvv,R*vvv}vvv=vvv9<vvv(j.hsvvvOhFvvvOJCfvvv̂!vvvTvvv>
Gyvvv"vvvtvvv[GyvvvTvvv"vvv(jpvvv,Gyvvvjvvv;dpvvv,vvvv{|vvv#G}QG\vvv,GCQ@vvvqvvvgvvv?hGCavvvQ*vvv?G@vvv9pvvv?hGCQh*vvv?
GCA}z

q
J?hCQG\,Gyj9<9J(42).

(5)GSAD}9QGJGCRGQf_p,EY;MG}QG\,GCAO$(QI

|vvvv#GC|SvvvvrCf:@vvvvAvvvv(GpvvvvQIvvvvAvvvv)G6f<vvvv+9!vvvv9Jfvvvv#IvvvvGvvvv~G}QG\vvvv,GCAvvvvO$vvvv(QI
GCTvvvAvvvZvvvzvvvJvvv?pvvv,Gyvvvgvvv9D,E:Cf<vvvgvvv̂GyvvvOhd(Gyvvv"vvv9|vvv+vvv?hGCAvvvavvv(QI)CVvvv9QJpvvv,@vvvtvvv9Q*vvvQ
Lv9Yv?fv#@vjv+vQGJpv,|vTv9Iv9JCQG\v+v%v9GCAvO$v(QIvv9CTv9Iv9JGCTvAvZvzvJv?h|vTv9Iv9J
E!vvWvv9AGCZvv9_vv>.vvvPyvvx$vv"vv9cG6fOQGSvv?Ohy+?svv+vvOG !vvGvv9R<vvgvv"vv(Gf:zz!vvdvvQIfvv9C+vv?
fvv̂|vvWvv9Q*vvhIvvqvveGyvvAvvQ<vv?hGyvvAvvtvv"vv+vv?y(World Overview of Conservation Approaches and

Technologies (WOCAT))*vvtvv(epvv+vv%vv9Lvv=vvQGAIvvzvvzvv(fyvvAvvtvvTvv+vv~GyvvAvvavv(QGAvv9Yvv{pvv,Ivvqvve
GyAQHhGyAt"+9JGCTAMO|?p,Pyx.

vvvvPyvvvx:@vvv(FvvvOOQGSvvv9Jfvvv9C+vvv?ChEsvvvz+}vvv+vvv?Ivvv(d|vvv(QOG}QVhGyvvvAvvvjvvv+vvvQGJpvvv,
G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?yvv&hpvvtvv9

k
C=vvOEG:SvvAvvDvv}vv9QGJpvv,fvv}vvz+9JEYvv;MhYvv+vv9!vv?GyvvAvvQH,

pvv9:SvvAvvDvv}vv9QGJGyvvAvv,*vvZvvQpvv%vv9GCRGQfvv(ffvv̂CQG\vv+vv%vv~ivv9yvv=vv9
k

|vv9@vvZvv"vvr\vv}vv#GYvvavv;M
GyvvAvvjvv+vvQGJGyvvAvvwvv"vv(yvv(Fvv+vv?(Technological Changes)CvvvDvvQ|vv#@vvZvv"vv+vvqvv%vv9\vv}vv#GYvvavv;M
GSvAvDv}v9QGJGCRGQY(Farms Investment).hiv9yv=v9

k
|v9Mvzvu$vPGGyvjv}v(VEVvwv9y+9JCCv"v9A

QS~LabEY;Mh;T_G}QG\,GCAO$(QI(43).

|vvvvv#Gyvvvvv]vvvvvQhQI<vvvvv}vvvvvwvvvvv9fCf!vvvvv}vvvvv+vvvvvR<vvvvv+#GYvvvvvavvvvv;M@vvvvvwvvvvvDvvvvv+vvvvvrGSvvvvvAvvvvvMvvvvvOGeG}QV
(Intensification),hGYvvavv;MGyvvAvv(Svvh<vv9SvvAvvMvvOGeG}QV(Extensification)hPyvvxCCvv"vv9A

fv}vz+9J;vTv_G}QG\v,h|vgv9@v?|vWv9vv{GyvAvO$v(Q.h!vdvQG
k

E]Cffv}vz+?|vgv9@v?@vO$v(Q
G}QG\vvv,,fvvv=vvvQGyvvvR|vvv#,@vvvtvvv(OE]Lvvvqvvv̂ChR*vvv9OI@vvvwvvv9y+qvvv&*vvvtvvvzvvvuGCRGQfvvv(fivvv9yvvv=vvv9

k
|vvv#

GCWvv9vvv{Gyvv"vv(fvv+vv?GCQ@vv=vvavv?<vvgvv}vvz+?GyvvAvvO$vv(Q,pvv9yvvAvvO$vv(QGyvvWvvO*vvOhG@vvOj|vvtvvQhfOGFvv}vv9
k

<vqvAvQGJ;v(qdSv=v=v%v9GyvAvjv+vQGJpv,GyvTvwv9fh!vOQIG}QVh_vzv=v9JG}Sv(Gb.hpv,Iv9yv?
fvvOe!vvGvv9Mfvv}vvz+?GyvvAvv"vvdvv+vv~hG Yvv;M@vvtvv(Ofvv}vvz+?GyvvAvvO$vv(QE]@vv"vv9svv[G !vvAvv9Lh<vv9yvvAvv9[
@vvvQcG}QV.hyvvvwvvv#pvvv,Ivvv9yvvv?!vvvGvvv9Mfvvv}vvvz+?GyvvvAvvv"vvvdvvv+vvv~hG Yvvv;M,:<vvvO|vvv#Cf@vvvROGO
|TA(*9JGCMQF9JG =9y+?hGyq(GFOGy=+8+?.

(42)R. Boje, The Cost of Land Degradation from a National Prospect: An Assessment of African

Evidence (New Delhi, India: [n. pb.], 1994).

(43)Scherr and Yadav, Ibid.
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<vvJvvTvv>GyvvWvv(G$vvOGyvvAvv9QMvv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?*vvgvvAvv=vvQGCRGQfvv(fC!vvqvvTvv%vv~
|vvTvv|hy+#fvv#@vvO$vv(QCQG\vv+vv%vv~!vvdvvQG

k
E];vv(*vvQh@vv=vvO*vv{C!vvdvv}vvAvv%vv~GyvvRQGfvv+vv?Svv(GA<vvAvv=vv"vv,

GyvvavvQbGyvvRQGfvv+vv?Ch<vv9LvvAvvQGfvv%vv9.yvvtvvOfvv9yvvH<vv9Q<vv++vvQ(Barbier)fvv9e1995$vvPgGyvvWvv(G$vvO,
pvv(\vvh|vv(O*vv;

k
|vvAvvgvvOOGyvvqvvAvvQGJ|vv#1995vvvvv2020*vvtvv(efvv̂R*vv9OIGyvvTvvwvv9fh@vvjvv+vvQGJ

Ivv9:JGyvvTvv(b,hCLvvPsvvQ*vvAvv_pvv,ivvQHCpvvQ*vvtvv+vv9@vvtvvhG}h]pvv,GC"vvavvtvv?!vvZvvrGyvvQ_vv=vv?
hG}LvvQipvv,GC"vvavvtvv?G@vv9pvv?.hGSvvAvv"vvAvvH|vv#OQGSvvAvv&CfGAvv(GpvvRG:svvAvvZvv9O*vv?GCAvvjvv+vvQILvv;d
GyvvR|vv#@vvtvv(OE]@vvjvv+vv+vvQGJpvv,GLvvAvv+vv9QGCJvv9Yvv+vv{hGyvvAvvtvv"vv+vv9JGCTvvAvvMvvO|vv?hG:SvvAvvDvv}vv9QGJpvv,
G}QG\v,hsvQGQGJGyv%vGvQIhGyvAvjv+vQGJpv,G:SvAv%v;vv9JGC"vRy+?,E\v9pv?E]Gyvgv(Gsv>Ch
GyvvAvv=vvgvv9JGyvv"vv9:vv?|vv#Pyvvx.h<vv+q"vvBGyvvOQGSvv?Cf\vvjvvbGyvvTvvwvv9f*vvtvv(OE]@vvwvvDvv+vvrGSvvAvvMvvOGe
G}QVhy+UE]R*vv9OIOLvv{GyvvqvvQO(GCRGQY),vvv}vv9Ef@vvwvv9y+rGyvvRQGfvv?GyvvOGFvv}vv?(Gyvv"vvtvvO*vv?
hGyvvvgvvv}vvv{)SvvvAvvvQ@vvvqvvvhpvvv,GC"vvvavvvtvvv?G@vvv9pvvv?,E\vvv9pvvv?E]CfLvvvTvvv9QIGyvvvqvvvQOGyvvv"vvv9:vvv?|vvv#@vvvO$vvv(Q
G}QG\,f9e2020(<T=>ptOGC9OIGyg](*?)SAZ{E]30p,GC8?|#OLz&(44).

yvtvO<v+#Vv+vQ(Scherr)hBLvQhffv9e1995fvOehFv(Ofv;sv?<v+#vv{|v#GyvwvDv9pv?
GyvvvTvvvwvvv9!vvv+?hGyvvvqvvvtvvvQh@vvvO$vvv(QG}QG\vvv,,E:C8vvv~<vvv+q"vvv(GIvvv(GpvvvRfvvv}vvvz+?@vvvO$vvv(QG}QG\vvv,
hfvvvtvvv(<vvv97vvv9.|vvv#Fvvv%vvv?CLvvvQi@vvvzvvvgvvv>fvvv(G|vvv{GyvvvwvvvDvvv9pvvv?GyvvvTvvvwvvv9!vvv+?hG}Svvv(GbhG}Svvvgvvv9Q
hGCgvvvvzvvvv(|vvvv9JhGAvvvv9:JGyvvvv=vvvv+vvvv8vvvv+vvvv?GyvvvvPG@vvvv+?,OhQG

k
|vvvv%vvvv}vvvv9

k
pvvvv,@vvvv(\vvvv+vvvvK!vvvv}vvvv9PLGyvvvvAvvvvwvvvvDvvvv+vvvvr

hJvQFv9JGC(GQOGyvav=v+vgv+v?.vv}v9EfGyvTv+v9Sv9JGyvgv9|v?hG}<vJv9K@vzvgv>OhQG
k
pv9IvZv9

k
pv,

ESvvvQGYGyvvvAvvvJvvv(:Jpvvv,C!vvvdvvv}vvv?G !vvvAvvv9LGCAvvvRG*vvvOIyvvv~QG\vvv,GyvvvAvvv,@vvvtvvv(OE];vvvTvvv_Ivvv+vvv9I
G}pQGO(45).

HvvvvvGC"9_uGCAO$(QICpt+9
k

hf}(O*9
k
p,Cs9y+~GyOhdGy"9|+?hGygQ<+?

EfGSvAv}vQGQ@vO$v(QG}QG\v,IvAv)fv9e2020Sv+vtv(OE]hFv(O|vWv9vv{y+TvB
<vv9}Gvv+vv?Gyvvwvv=vv+vvQIfvv̂GCTvvAvv(iGyvvgvv9C,,hE!vv}vv9PGJCGvv+vv?Lvv9Yvv?<vv9yvv"vvTvv=vv?E]G}svv9y+~
Gyvvgvv9C+vv?,EPSvv(a*vvTvv=vv>@vvO$vv(QG}QG\vv,(fvv}vv(O*vv9

k
)pvv,Gyvv=vvtvvhGyvvTvv9Lvv"vv?(Hot Spots)

7vO*vOG
k

Ivtv+vtv+v9
k
yv~|v#GyvjvPGFv,yvgvOOvv=v+vQ|v#GyvTvwv9fGyvqvtvQGAhyvzv"vWv9_v9JG:svAvZv9O*v?

GCJvvz+?hyvvzvv}vv"vvAvvGvv9JhGBvvO|vv9JGyvv=vv+vv8vv+vv?GC%vv}vv?.|vv#Fvv%vv?CLvvQi,$vv"vv9cCSvv=vv9HfvvO*vvOI
@vvOfvv(!vv9E]GyvvAvvqvv9Dd,EP*vv}vvwvv#;vvO*vvOGyvv=vvtvvhGyvvgvvQ*vv]vv?GCAvvO$vv(QICpvvtvv+vv9

k
(Bright Spots)

(44)B. Barbier, «Policy Implications of Land Degradation in West Africa,» paper presented at:

The Workshop on «Land Degradation in the Developing World: Implications for Food, Agriculture, and

Environment to the Year 2020,» April 4-6, Annapolis, Maryland.

(45)S. Scherr, L. A. Jackson and S. Templeton, «Living on the Edge: Crafting Land Use

Policies for the Tropical Hillsides in 2020,» paper presented at: Ibid.
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h<vv9yvvAvv9[Kvv>Cf@vvQvvvRGyvvTvv+vv9Svv?GCTvvAvvtvv=vvz+?fvv̂$vvPgGyvv=vvtvvhGyvvTvv9Lvv"vv?|vv#Fvv%vv?,hfvv̂
E<a9A@O$(QGy=thGCAO$(QICpt+9

k
<{h;T_!(f+A%9|#F%?C9!+?.

pvvv,$vvvPgGyvvvqvvvtvvvQI!vvvJvvv9hd;vvvO*vvvOC$vvv~Gyvvv=vvvtvvvhGyvvvTvvv9Lvvv"vvv?(@vvvO$vvv(Qfvvv}vvv(Oj)hGyvvv=vvvtvvvh
Gyvv(GSvvgvv?G:!vvAvvWvv9Q(@vvO$vv(QCpvvtvv,)pvv,Csvv9y+~GyvvOhdGyvv"vv9|vv+vv?,Ivv+vvE*vv(FvvO@vv=vv9*vv#hG\vvK
pvv,IvvGvv~h!vv(YGyvvAvvO$vv(Qpvv,vvv{|vv"vv%vv9,h<vvMvv9Yvv?pvv,G}QG\vv,PGJGyvv"vvdvv~GyvvRQGfvv+vv?
G !vvAvv9Fvv+vv?GCwvvDvvqvv?,CjG}vvvDvvQGSvvAvvMvvOG|vv9

k
,|vv9COiE]hFvv(O|vvWvv9vvv{|vvAvv=vv9*vv"vv?!vv9:vv?|vv#

@O$(QG}QG\,,K>Iz%9.

pv,!vdvQI|vTvAvtv=vz+?Av{|vWv9vv{GyvAvO$v(Q$vPg,CjIvAv)fv9e2020,CLvPJ<vgv_
G:fvvvAvvv=vvv9QCpvvv]vvvz+?Ivvv{GCWvvv9vvvv{GCQ@vvv=vvvavvv?<vvv9}Lvvvavvv9QGyvvv=vvv+vvv8vvv+vvv?pvvv,vvvv{|vvv#C|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?
(vvvAvvO$vv(QGyvvjvv9<vv9JhGyvvAvvzvv(KGyvvwvv+vv}vv+vv9Fvv,h|vvWvv9vvv{GC+vv9g),hCsvv9y+~G}QG\vv,G@vv9pvv?Ivv+vvE
|vTvAv(*v9JGyvqvtvQ|vQ@vqvgv?.pv,CpvQ*vtv+v9*vTvAv}vQ@vO$v(QG}QG\v,yvAvQ@v=vb$vPgGCWvwvzv?<v}vWv9vv{
G}|vv#GyvvjvvPGFvv,pvv+vv%vv9h|vvWvv9vvv{pvvGvv(I@vvtvv"vv+vv9J@vvwvvDvv+vvrGyvvRQGfvv?GCTvvAvvOG|vv?pvv,GC"vv9_vvuPGJ
Gyv"v}v(GyvTvQ*vhyvzvTvwv9f.C|v9pv,Fv"v(HhivQHBSv+v9pvAvAv}vDv{|vWv9vv{GyvAvO$v(QG}Sv9Sv+v?pv,
@vvO$vv(QG}QG\vv,GCQh*vv?GC"vvAvvGvv?yvvzvvjvvPGA(GyvvAvv}vvzvvK),h@vvZvvJvvQGC"vv9_vvuG@vv9pvv?Ivv+vvE*vvgvv+vvX
GyvqvtvQGA|v#GyvTvwv9f.pv,GC"v9_vuGyvjv"v+v?|v#VvQbhFv"v(HVvQbBSv+v9@v(FvO|vWv9vv{GC+v9g,
hpv,|v"v9_vtv%v9Gyvqvtv+vQIhGyvwvDv+vqv?GyvTvwv9f@v(FvO|vWv9vv{!vtv[GyvjvPGA!vAv+vGv?@vO$v(QLvZv(<v?
G}QG\v,h@v"v9sv[Gyvjvzv?pv,hIvOIGCTv9Iv?.G@vOh:fQsv}v9(4vvvvv7)h(4vvvvv8)*vgvwvTv9f
C$vv~|vvWvv9vvv{@vvO$vv(QG}QG\vv,pvv,GyvvOhdGyvv"vv9|vv+vv?Svv(GAvvv=vvtvvhSvv9Lvv"vv?Ch<vvtvvhfvvQ*vv]vv?.hsvvO
CfvvvOJGCgvvvzvvv(|vvv9JhGyvvv=vvv+vvv9!vvv9JGyvvv(GQOIpvvv+vvv%vvv}vvv9|vvv#svvv=vvv{Hvvv}vvv(fvvv9Jfvvv}vvv{JvvvAvvvZvvv?Vvvvw

q
vvvzvvvB

LvvZvv+vvZvv9
k

|vv#svv=vv{GyvvOhdPGJGyvvgvv;svv?;pvv{svvz+~Fvv"vv(HhivvQHBSvv+vv9|vvDvv;
k

,Ivv+vvE!vvZvvr
GyvvvOhdGyvvvgvvvQ<vvv+?@vvv"vvvAvvv}vvv,Ey+&(Svvv(Q*vvv9,G}QOf,yvvv=vvv"vvv9f,GyvvvgvvvQGb,GyvvvTvvvgvvv(O*vvv?,G |vvv9QGJ
GyvvgvvQ<vv+?GCAvvJvvOI,fvv}vv9f,Gyvvwvv(*vvB,Gyvv=vvJvvQ*vv#,svvavvQ,Gy+}vv#),Svv+vvROGOGyvv"vv}vv(GyvvTvvwvv9P
pvv+vv%vv9<vvWvvwvv{hG\vvK,vvv}vv9Svv+vvROGO;vv]vvQHvvAvv}vvgvv97vv9Lvv;dGyvvgvvtvvO*vv#Gyvvtvv9O|vv_(IvvAvv)fvv9e

2020),pvvvvv,Gyvvvvv(svvvvvB!vvvvvqvvvvvTvvvvv&GyvvvvvPj*vvvvvAvvvvv(svvvvvhpvvvvv+vvvvv&GCQA@vvvvv"vvvvv9svvvvv[Gyvvvvv"vvvvvWvvvvv9_vvvvv9JGyvvvvvRQGfvvvvv+vvvvv?
hGSvvvAvvvMvvvOG|vvv9JG}QG\vvv,pvvv+vvv%vvv9|vvv9*vvvtvvv(OE]\vvvgvvvrGyvvvTvvv(b,<vvv{@vvvROGOCGvvv+vvv?GyvvvOLvvv(d
GCRQfvv+vv?pvv,GC"vv9_vvuGyvvQ*vvqvv+vv?(G}vvvDvvQFvvqvv9pvv9

k
)yvvAvv(pvv+vvQGIvvAvv+vv9Fvv9JGyvvTvvwvv9fGyvvjvvPGFvv+vv?.$vvPG

Gyvv(GsvvhGCTvvAvvtvv=vv\*vvAvvavvzvv>@vvavv(*vvQ!vvdvv~GAvv+vv9Ipvv,$vvPgGC"vv9_vvuh;vvTvv+"%vv9hEIvvOGK@vvjvv+vvQGJ
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26, Washington, DC, 1997).

213



G@OhdQs~(4vvvvv8)
Gy=thGyT9L"?Gy;Re;T+"%9p,GyOhdGy"9|+?hGygQ<+?

G sz+~RQGf?Gyj9<9JIqeGyAQ<?EOGQIGC+9g@"(*hGCJ9Y+{GCg}QI

Fvvvvvvvvvvvvvv"vvvvvvvvvvvvvv(H

hivvvvvvvvvvvvvvvvvvvvvvvvQH

BS+9

GCGvvvAvvv}vvvgvvv9JGyvvvjvvv9<vvv(*vvv?pvvv,Gyvvv%vvv"vvvO

hGy"+=9d

GCJvvvvv9Yvvvvv+vvvvv{GCAvvvvvgvvvvvOOIfvvvvv=vvvvvQ
GAZ9OGC9F,p,Gy%"O

G}QG\,Gy%W?p,Gy%"O

<vvv"vvv9A@vvvtvvv"vvv+vvv9JGyvvvQjGAvvvO*vvvDvvv?
yA(p+QGC+9gp,G}QOf

RQGfvv?G}VvvGvv9QGCDvv}vvQIpvv,
S(Q*9h@Qv+9hG}QOf

VvvvvvvvvvvvvvvvvvvvvvvvvQb

hFvvvvvvvvvv"vvvvvvvvvv(H

VQbBS+9

GCGvvAvv}vvgvv9JGyvvjvv9<vv(*vv?pvv,@vv9*vv;!vvO
hGyvvqvv+vvz+=vv_hGyvvZvv_hE!vvOh!vv+Tvv+vv9,
I+E@"Mq^vD9p?GyTw9f

IvvqvveGyvvRQGfvv?pvv,Gyvvqvv+vvz+=vv_
h@9*;!O

GyvvRQGfvv9JGC9Fvv+vv?pvv,GC"vv9_vvu
GyvvvvvvvwvvvvvvvDvvvvvvv+vvvvvvvqvvvvvvv?GyvvvvvvvTvvvvvvvwvvvvvvv9fpvvvvvvv,
Gyvvqvv+vvz+=vv_h|vv9y+R*vv9h@vv9*vv;!vvO
hp++A"9ehE!Oh!+T+9

Esvvvvv9|vvvvv?GAvvvvvOGFvvvvvupvvvvv,GC"vvvvv9_vvvvvu

GyvwvDv+vqv?GyvTvwv9fpv,G}QG\v,

Gy=Qv9!+?p,GyZ_

GyA(ShCt9<z?_z>GyAG9QIGC"9_uGC"JOQIG}LQiRQGfvv?G}VvvGvv9QGCgvv}vvQIpvv,
GC"vvv9_vvvu|vvv"vvvMvvvqvvv]vvv?GyvvvTvvvwvvv9f
pvv,Gyvv%vv"vvOh|vv9y+R*vv9h@vv9*vv;!vvO
hGyq+z+=_

CpQ*t+9|vvvWvvvQhYpvvvgqvvv9dyvvvRQGfvvv?Gyvvvjvvv9<vvv9J

p,GCjQH

Yvvvv+vvvv9!vvvv?GyvvvvTvvvv%vvvv(dGyvvvv%vvvv]vvvv9<vvvv+?

hG:SvvAvvDvv}vv9Qpvv,VvvQbCpvvQ*vvtvv+vv9

(QhG!OG,v+"+9h<(Qh!Oj)

|vRGQY|vQh*v?Yvjv+vQIGAvGv~

p,Esz+~!ZrG@9a

C!vvvvdvvvv}vvvv?GyvvvvRQGfvvvv?Gyvvvvjvvvv9<vvvv(*vvvv?

 !vvvAvvv9LGyvvvgvvv"vvv9YvvvQGyvvvjvvvPGFvvv+vvv?

hEOGQ79

|vvvWvvvQhYYvvv+vvv9!vvv?!vvv9FvvvKpvvv,

GCjvvQHhivvQHGyvvwvv9|vv+vvQhf

hi(*9!9

GAvvvvvvvvvvvZvvvvvvvvvvv9OGC9Fvvvvvvvvvvv,h|vvvvvvvvvvv"vvvvvvvvvvvh

GCMzq9Jp,@(!Uhy+=+9

E!vvvvWvvvv9A|vvvvRGQYGyvvvvqvvvv9vvvvv%vvvv?pvvvv,

|vvvvvvvZvvvvvvvQh@vvvvvvv(!vvvvvvvUhGCjvvvvvvvQH

hS(Q*9(GyR*A(fhGyqTAu)

C|vvvvvvvvvvQ*vvvvvvvvvvwvvvvvvvvvv9

Gy;@+"+?

<vvvvvv"vvvvvv9AGCGvvvvvvAvvvvvv}vvvvvvgvvvvvv9Jfvvvvvv̂|vvvvvvRGQY

Gyj9<9Jp,i(G@+}9:hG}!O*R
GyvvvvvvAvvvvvv=vvvvvv"vvvvvv,Gyvvvvvv(GSvvvvvvhyvvvvvvZvvvvvv+vvvvvv9!vvvvvv?

G}QV<vvvv9yvvvvgvvvvRbhGyvvvvAvvvvjvvvvavvvv+vvvv?

<vvvvvvvvv9yvvvvvvvvvtvvvvvvvvvXpvvvvvvvvv,GCwvvvvvvvvvTvvvvvvvvv+vvvvvvvvvx

hGyvvvvvvvv=vvvvvvvvQGR*vvvvvvvv{hG}QFvvvvvvvv"vvvvvvvvAvvvvvvvv_

hGyvvvvvvvAvvvvvvvWvvvvvvv+vvvvvvv\hGyvvvvvvv=vvvvvvv9QGivvvvvvv(Gj

hG}hQhi(Gj

GCQGsvv=vv?Gyvvqvvgvv9yvv?yvvzvvAvv}vvzvvKpvv,

C!d}?GyQjp,GCwT+x

E!vvAvv9LGyvvqvv9vvv%vv?fvv9y+?Gyvvtvv+vv}vv?
p,GyAW+\hv(SA9Q*w9

RQGfvvvv?Gyvvvvjvvvv9<vvvv9Jpvvvv,GCwvvvvTvvvv+vvvvx

hGyAW+\

@vvv"vvv(*vvvhGCJvvv9Yvvv+vvv{h|vvvQGsvvv=vvv?

GyAqABp,v(y(|=+9

Lq^GyAO$(Qp,G}|9RhfIvvvvvvvvvvqvvvvvvvvvveGyvvvvvvvvvvAvvvvvvvvvvQHhEfvvvvvvvvvv9OI

GyvvvRQGfvvv?hG OGQIGCAvvvwvvv9|vvvzvvv?
y7p9Jp,C|Q*w9Gy;@+"+?

GyvAv(Svhpv,GCRGQYGyvZvjv+vQI
GCQh*?p,G}!O*R

Yvvv+vvv9!vvv?|vvv"vvv9_vvvuRQGfvvv?Gyvvv=vvv#
pvvvvvvvv,Fvvvvvvvv"vvvvvvvv(HGCwvvvvvvvvTvvvvvvvv+vvvvvvvvx
hC|Q*w9Gy(Sa)

RQGfvvvvv?Gyvvvvvjvvvvv9<vvvvv9Jpvvvvv,$vvvvv9*vvvvv+vvvvvAvvvvv,
hC|Q*w9Gy(Sa)

G sz+~R*9OIGyjz?GC;F}?Ef9OI<"9AG}QG\,
G@9p?

I(GpRF+OI
y;SAD}9Q<9}QG\,

IqeGC(_#

Fvvvvvvvvvvvvvv"vvvvvvvvvvvvvv(H

hivvvvvvvvvvvvvvvvvvvvvvvvQH

BS+9

GyvvvDvvv(QIGBvvv]vvvQGAfvvv=vvvQG}Yvvv"vvv9a
fvvvvv9y+?Gyvvvvvjvvvvvzvvvvv?pvvvvv,Csvvvvv9y+~Gyvvvvv%vvvvv"vvvvvO
hGyvv"vv+vv=vv9dhGyvv=vv9vvvTvvAvv9fh<vv"vvjvv;OT

hSQ*;!w9

RQGfvv?GyvvWvvGvv+vvQGJGyvvQfvv(*vv?
yvvvvvzvvvvvJvvvvv+vvvvv(G!vvvvv9Jpvvvvv,Svvvvv(Q*vvvvv9
hG}QOf

@vvvvvvavvvvvv(*vvvvvvQGCRGQYGyvvvvvvjvvvvvv9<vvvvvv(*vvvvvv?
GyAg9h!+?p,G}QOf

@vvvvvQ<vvvvv+?GAvvvvv+vvvvv(G!vvvvv9JGyvvvvv=vvvvvQ*vvvvv?
hG:IvvvvvvAvvvvvv+vvvvvv9_vvvvvv,GyvvvvvvQFvvvvvv+vvvvvvTvvvvvv,
yza+(QGC%9FQIp,G}QOf

RQGfvvvvvv?pvvvvvv(dGyvvvvvvZvvvvvv(*vvvvvv9pvvvvvv,GAvvvvvvRGe

GyT9I\yT%(dGyj9!Hp,Gy%"O

*A=vvvvvvvvvvvvvvvvvvvh

214



@9<vvvvvvvvvvvvvvvvvvvh

VvvvvvvvvvvvvvvvvvvvvvvvvQb

hFvvvvvvvvvv"vvvvvvvvvv(H

VQbBS+9

GyvvvDvvv(QIGBvvv]vvvQGAfvvv=vvvQG}Yvvv"vvv9a

Gyg9y+?Gyjz?y~QRGCQhj

Ivvvtvvv(bGCzvvvwvvv+vvv?GCJvvv=vvv=vvv?pvvv,

p++A"9eh:hShv}=(O*9

R*vvvv9OIpvvvv,GCTvvvv9Ivvvv9JGCgvvvv9O

GSAZ;I%9

G !vvvvvvAvvvvvv9LGAvvvvvv+vvvvvv(GPpvvvvvv,Vvvvvvv}vvvvvv9d

@9*;!OhGyq+z+=_hE!Oh!+T+9

E!vvvvvAvvvvv9Lfvvvvv9[Gyvvvvvtvvvvv+vvvvv}vvvvv?pvvvvv,@vvvvv9*vvvvv;!vvvvvO

hGy%"Oh|9y+R*9hGyq+z+=_hGyZ_

CpQ*t+9GyvvvvvvvPQIhGAvvvvvvv=vvvvvvv(Hpvvvvvvv,GC"vvvvvvv9_vvvvvvvu

!ZrG@9p?

EOGQIGyvvvvvvvvjvvvvvvvv9<vvvvvvvv9JGCz|vvvvvvvv(yvvvvvvvv?

@"(HCpQ*t+9

Ivvvvtvvvv(bGCzvvvvwvvvv+vvvv?|vvvvtvvvvqvvvvzvvvv?pvvvv,

ECvvvvvv+vvvvvv(<vvvvvv+9Kvvvvvv>Cf@vvvvvvWvvvvvvGvvvvvvh

G:SAD}9Q RQGfv?GAv=v(HGCQh*v?hGyv=vtv(y+9J

hGB]9Qp,I(VGy"+{

@"}+?fQVG}S}OIGyq(Sq9@+?

Gyta#p,iQHCpQ*t+9.

GC"9_u!ZrG@9p?p,!+G+Q*9

C|vvvvvvvvvvQ*vvvvvvvvvvwvvvvvvvvvv9

Gy;@+"+?

GyvvvDvvv(QIGBvvv]vvvQGApvvv,GCJvvv9Yvvv+vvv{

GyvvvvjvvvvPGFvvvv+vvvv?pvvvv,Fvvvv"vvvv(HGyvvvv=vvvvQGR*vvvv{

hVvv}vv9dGyvv=vv+vvQhhGC"vv9_vvuGCQ@vvqvvgvv?

p,GCwT+x

Efvvvvvvvvvvv9OIRQGfvvvvvvvvvvv?G}QG\vvvvvvvvvvv,

Gyj9<(*?p,GCwT+x

Esvvvvv9|vvvvv?GCGvvvvvAvvvvv}vvvvvgvvvvv9Jhpvvvvvtvvvvv9
k

yvvvvzvvvvAvvvvWvvvv9hQhyvvvvAvvvv"vvvvdvvvv+vvvv~EOGQI

GC(GQOGya=+g+?

Yvvv+vvv9!vvv?GyvvvAvvv"vvv(YGAvvv+vvv(jpvvv,

Vvvvvvvvvvvv}vvvvvvvvvvv9dvvvvvvvvvvvv(yvvvvvvvvvvv(|vvvvvvvvvvv=vvvvvvvvvvv+vvvvvvvvvvv9

hv(SA9Q*w9 ;vvvvvvvvTvvvvvvvv_EOGQIGCQGfvvvvvvvv,pvvvvvvvv,

GCwT+xhV}9dG}QF"A_

C!vvvvdvvvv}vvvv?@vvvvgvvvvtvvvv+vvvv~Gyvvvv=vvvvPGQh|vvvvQGsvvvv=vvvv?

G6p9J

EOGQIGyvvvvvvvvjvvvvvvvv9<vvvvvvvv9JGCtvvvvvvvvOSvvvvvvvv?

hGCz|(y?p,GCwT+x

@vvvvv"vvvvv}vvvvv+vvvvv?GyvvvvvRQGfvvvvv?hG QVvvvvv9O

GyvvvvRQGfvvvv,pvvvv,GyvvvvAvvvvGvvvv}vvvvgvvvv9J

GyTw9!+?

EOGQICvvvDvvQpvvgvv9y+?yvvzvv}vv"vv9_vvu

GCJ}+?

C!vvvvvdvvvvv}vvvvv?GyvvvvvRQGfvvvvv?GyvvvvvQfvvvvv(*vvvvv?pvvvvv,

CQG\,GyT9p9!9hGC"Mq]?

GCZOQ:GCZOQ!qT&.

LvvvvvS+9S?>9*?h;T_G}QG\,GyRQGf+?

svvO
q

eGC|EvvQGyvvPjfvvtvvOLvv;dGyvvqvvAvvQI3vvvvv7/4/1996pvv,GCgvv%vvOGyvvOh[yvvTvv+vv9Svv9J
<vJv(KGyvjvPGA(IFPRI)Iv(d@vO$v(QG}QG\v,pv,Gyvgv9DGyv"v9|v,,fvWvQ@v(Yv+v9JCSv9Sv+v?
GfvvvAvvv}vvvOJSvvv+vvv9Svvv?fvvv9|vvv?Avvv}vvv9*vvv?h;vvvTvvv_G}QG\vvv,GyvvvRQGfvvv+vvv?.hEvvvDvvvzvvvB$vvvPgGyvvvAvvv(Yvvv+vvv9J
<vv9yvv"vvAvv9FvvHG Kvv9<vv+?hGyvvTvvzvv=vv+vv?GyvvAvv,IvvOCvvBpvv,Hvv9:JEOGQI@vvO$vv(QG}QG\vv,.h<vv+"vv}vv9@vvgvvAvv=vvQ
GyvvAvv(Yvv+vv9JGyvvTvvBG}h]|vvAvvMvvZvvZvv?<vvAvvJvvTvv_EOGQIG}QG\vv,,@vvgvvAvv=vvQGyvvAvv(Yvv+vv9JG}Q<vvh
G}LvvQiSvv+vv9Svv?fvv9|vv?hfvvQ*vv]vv?yvvzvvAvvzCvv+vvQpvv,svvQGQGJGCRGQfvv_GyvvtvvZvv+vvQIhGyvvavv(*vvzvv?G}Fvv{
I(dEOGQIG}QG\,.hp,|9*\fQV<T+byw{|"%9.

(1);T_C!d}?GCgz(|9J OGQIG}QG\,

*vAvMv(afv9OIGyvtv9OIGyvTv+v9Sv+v(fhGCGvAv}vh|v#fv}vz+9J@vO$v(QG}QG\v,GyvRQGfv+v?,
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h|vv#fvv}vvz+9JEYvv;Ivv%vv9!vvdvvQG
k

E]|vv9;vvAvv9Fvv&$vvPgGyvvgvv}vvz+9J|vv#Q<vvbvvv9|vv{<vv+#Gyvv=vvQG|vvH
GyvvvDvvvtvvv9pvvv+vvv?hLvvvO|vvv9JG QVvvv9OGyvvvQ*vvvqvvv,;pvvv9Cgvvvzvvv(|vvv9JGyvvvAvvvtvvv"vvv+vvv?<vvvMvvv+vvv9QGJ;vvvTvvv_G}QG\vvv,
GCAvvvO$vvv(QI;vvvAvvv9LE]@vvvOpvvvuSvvvQ*vvvh<vvv+#|vvvTvvvAvvvMvvvO|vvv,G}QG\vvv,GyvvvRQGfvvv+vvv?,CjGCRGQfvvv_,
h<v9yvAv9[$v"v9cIv9Fv?|v9Sv?yvAvwv9|v{Gyv=vQG|vHG QVv9O*v?GCav(qQI<v+#Gyvtvav9fv9JGCTvAvMvO|v?
yvvvv~QG\vvvv,GyvvvvQ*vvvvqvvvv+vvvv?,vvvvvtvvvvavvvv9fvvvv9JGyvvvvRQGfvvvv?hGyvvvvjvvvv9<vvvv9JhEOGQIG}fvvvv}vvvv9d,h<vvvv+#GC=vvvv9O 
G:svAvZv9O*v?hGyvgvzv}v+v?h<vMv9Yv?GCAvgvzvtv?|v"v%v9<v9yvAvQH.hKv>Cf;v(jGyvavQbGCav(qQI|v#
svv=vv{GCRGQfvv_GCJvvz+_h|vv#svv=vv{Gyvv=vv9IvvDvv_GCgvvQpvv?Gyvvgvvzvv}vv+vv?GyvvZvvJvv+vvJvv?;pvv}vvGvv}vv(fvv9J
GCRGQfvvv_Gyvvv=vvvQGR*vvvz+?Gyvvvgvvv9|vvvzvvv?pvvv,vvvv{|vvv#fvvv}vvvz+9JGyvvvAvvvWvvvMvvv+vvv[hGyvvvAvvvZvvv}vvv+vvv~h;vvvTvvv_
G}QG\vvvv,hGCRGQY,vvvvv"vvvv(GOjG}QV(Land Clubs),hHvvvv}vvvv(fvvvv9JGyvvvvgvvvv"vvvv9*vvvv?<vvvv9}QV
G}SAQGy+?(Land Care Groups)C|w"%9;t+uGy%OaGCPv(Q.

pvv,$vvPGGBvvZvv(U:<vvO|vv#@vvavv(*vvQ|vvQFvvhFvv+vv(ivvQGpvv,Lvv9U<vvz!vvdvv}vv?GCgvvzvv(|vv9J
GAvvvvv9Svvvvv(<vvvvv+?(Computerized Information Systems),svvvvv9OQIfvvvvv̂=vvvvvhh<vvvvvR*vvvvv#h;vvvvvz+{
Gyvvv=vvv+vvv9!vvv9JGBvvv9Yvvv?<vvv9C(GQOG:svvvAvvvZvvv9O*vvv?hG:FvvvAvvv}vvv9fvvv+vvv?.hvvvvPyvvvx<vvvEGCgvvvzvvv(|vvv9Jfvvv#
GBvv+vv9QGJhGyvvAvvtvv"vv+vv9JGCAvv(GpvvQIhGBvv9Yvv?<vv}vvMvvAvvzvvrC!vv(GYG}QG\vv,hG}!vvdvv}vv?GyvvRQGfvv+vv?
hGC"vv9Lvv9J,h*vv}vvwvv#@vv(pvv+vvQ$vvPgGCgvvzvv(|vv9J|vv#vvv{|vv#Gyvv=vvJvv(KG@vv9Q*vv?h|vv#Lvv=vvQGJ
Gy=QG|HGCa(qQIhvPyx|#L=QGJGCRGQf_GCJz+?.

(2)R*9OIGyA"}+?GyAw"(y(F+?hG}<J9Kp,H9d;T_G}QG\,

Effvv}vvz+?@vvWvvGvv+vvhG:SvvAvvDvv}vv9QGyvvgvv9epvv,Gyvv=vvJvv(KGyvv%vv9Opvv?E]GSvvAvv+vvgvv9H|vvqvv9$vv+vv~
@vvO$vv(QG}QG\vv,hEYvv;Ivv%vv9h;vvTvv+"%vv9hIvvqvvdvv%vv9,h@vv"vv}vv+vv?@vvtvv"vv+vv9JR*vv9OIGyvvjvv;d@vvzOpvv,
Chyvvv(*vvv9JGC%vvvAvvv}vvv_<vvv9yvvvRQGfvvv?hGyvvvjvvvPGAhGyvvv=vvv+vvv8vvv?,yvvvPyvvvx$vvv"vvv9cIvvv9Fvvv?|vvv9Svvv?yvvvzvvv}vvvR*vvvO|vvv#
GyvvAvvWvvMvv+vv[yvvzvv}vv"vv9_vvuGyvvWvvO*vvOIGyvvAvvO$vv(QhGCTvv}vv9I<vv9yvv=vvtvvhGyvvTvv9Lvv"vv?(Hot Spots),hvvvPyvvx
yvvvzvvv}vvv"vvv9_vvvuGyvvv(GSvvvgvvv?GyvvvAvvvO$vvv(QhGCTvvv}vvv9I<vvv9yvvv=vvvtvvvhGyvvvgvvvQ*vvv]vvv?(Bright Spots)6vvvOaEfvvv;e
CYJ9HGytQGQGJGyT+9S+?y(\hG}hy(*9J<Wz89.

$vvPG,hKvv>E!vvGvv9RGCgvvzvv(|vv9JPGJG}hyvv(*vv?Gyvv(GQOIpvv,G@vvOhy+#Qsvv}vv,(4vvvvv7
h4vvvvv8)<vvWvvwvv{pvv(Qjfvv̂GCTvvAvv(iGyvv(_vv"vv,CgvvQpvv?|vvOiG!vvAvvWvv9QGyvvAvvO$vv(QG}Q\vv,/
h|vOi@vzCvQGyvTvwv9f<v&,h<vMv9Yv?GyvQ*vqv+v(f|v"v%v~.h$v"v9@vdv%vQGAv9Fv?GC9Sv?yv~<vJv9K,
CgvQpv?hpv%v~GAv9:JG:svAvZv9O*v?hG:FvAv}v9fv+v?hGyvTv+v9Sv+v?G}vvDvQsvQ<v9

k
yvgv}vz+?G:SvAvDv}v9Q

pvv,EOGQIh;vvTvv_G}QG\vv,GCAvvO$vv(QI,hyvvAvvZvv}vv+vv~GyvvTvv+vv9Svv?hG}OhGJGyvvAvv,@vvWvvGvvh|vvDvv{
$vPgGAv9:J,pv}vDv;

k
@vWv}v{Chyv(*v9JGyv=vJv(KGyvAvtv"v+v?yvzv}v"v9_vu,;vTv_LvZv(<v?GyvAvQH

fvv=vvQGSvvAvvMvvOGe@vvtvv"vv+vv9JIvvOOIvvv9yvvAvvTvv}vv+vvOG}Lvv]vvQ(GSvvAvvMvvOGeGC"vvAvvGvv9JGCJvvz+?vvv}vv(QO
yvzvgv"v9YvQGyvwv=vQivv9yvZvMv(QGyvqv(Svqv9@v+?ChG@v+vQ*v?),h|vQGsv=v?@vqvAvBGyvAvQH,hGyvAvO$v(Q
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Gyvv=vv+vv(yvv(Fvv,,h@vvtvv"vv+vv9JGAvvZvv9OGC9Fvv,,h;vvTvv_@vvtvv"vv+vv9JGyvvQj,hRQGfvv?Gyvv"vv=vv9@vv9Jivv+vvQ
GCAvvzCvvQI<vv9Czvv(Ivv?pvv,GC"vv9_vvuGCAvv}vvz

q
vvJvv?,hC!vvdvv}vv?GyvvRQGfvv9JGyvvjvv9<vv(*vv?,hGyvvqvv(GFvvOGyvvgvv9|vv?

hGB9Y?y;SAD}9Qp,JAzr!}9PL;T_G}QG\,.

*vvv]vvv9aE]Pyvvvx\vvvQhQIEFvvvQGAGyvvv=vvvJvvv(KGCAvvvwvvv9|vvvzvvv?<vvv+#Gyvvv=vvv+vvv8vvv?hG !vvvAvvv9L\vvv}vvv#
GCqvvv%vvv(eGCAvvvwvvv9|vvv{zGyvvv=vvv+vvv8vvv?GyvvvRQGfvvv+vvv?y(Agroecology)Ivvv+vvvE@vvvROGOGAvvv9Fvvv?E]@vvvavvv(*vvvQ|vvv9
*vvgvvQa<vvvvvGSvvAvvQG@vv+Gvv+vv9JGyvvAvvwvv9y+rGC"vvMvvqvv]vv?(Lower- Cost Strategies)GyvvAvv,@vvgvvAvv}vvOfvv̂
|vvOLvv;JGyvvAvvGvv9QHGCJvvz+?6vvOah\vvhGyvvAvvwvv"vv(yvv(Fvv+vv9GC"vv9Svv=vv?Avv9:JGyvvAvv"vv(YGAvv+vv(j
GCJvvOhOI,GC(Fvv(OIpvv,G}QG\vv,G@vv9pvv?hGC"vv9_vvuGyvv%vv]vv9<vv+?h<vvtvv+vv?G}QG\vv,G}LvvQi
ivv+vvQGCAvvGvv9!vvTvv?.hKvv>Cf@vvTvvAvvwvv}vv{Gyvv=vvJvv(KGyvvgvvzvv}vv+vv?GyvvTvv9<vvtvv?<vv9yvvAvv"vv}vv+vv?Gyvvqvvgvv9yvv?h@vv=vv"vv,
C!d}?GyAw9y+rGC"Mq]?<9yAg9hf|hGCgQp?GyAt"+?GCJz+?.

h*vvv}vvvwvvv#Gyvvvtvvvavvv9YGBvvv9UCf*vvvzvvvgvvv>$vvv"vvv9OhQG
k

|vvv%vvv}vvv9
k

h|vvvAvvv}vvv+vvvRG
k
pvvv,<vvvgvvv̂C!vvv(GY

|vwv(!v9Jh|vOLv;JGyv=vJv(Kyv~!vdv}v?GyvRQGfv+v?G}vvDvQ|v;A|v?.vv}v9*v}vwv#Gyvtvav9YGyvgv9e
hGC"vdv}v9Jiv+vQGAvwv(|v+v?(Non Governmental Organizations)Cf@vTv9$v~<vOhQvv=v+vQpv,
$PgG}<J9K.

CLvv+vvQG
k

$vv"vv9cIvv9Fvv?|vv9Svv?E]|vvR*vvO|vv#G@vv%vvOAvvZvvQhFvvQOGyvvtvv+vv}vv?Gyvv(QGCvv+vv?G@vv+vvOI
yv~QG\v,,hvvPyvxyvAvJvO*vOGyvtv+v~G:svAvZv9O*v?Gyvgv9C+v?yvzvAv"v(YGAv+v(jhyvR*v9OIG!vAvWv9Qiv9R
GyvvwvvQ<vv(f!vvdvvQG

k
E]|vv9yvv%vvPgGCgvvzvv(|vv9J|vv#CGvv+vv?Lvv9Yvv?pvv,fvv}vvz+?GyvvAvvMvvavv+vvbGyvvqvvgqvv9d,

h@"}+?GyAG9QIGyg9C+?p,GBO|9JGy=+8+?.

(3)@Qh*HG:SAD}9Qp,H9d;T_hEY;MG}QG\,

*vvAvvavvzvv>GyvvgvvO*vvO|vv#G}!vvdvv}vv?GyvvRQGfvv+vv?GC"vv9Svv=vv?GSvvAvvDvv}vv9QGJhGpvv+vv?yvvAvvJvvTvv_hEYvv;M
G}QG\vvv,GCAvvvO$vvv(QI6vvvOaG:SvvvAvvvgvvv}vvv9dG}vvvvDvvvQ@vvvwvvvDvvv+vvvqvvv9

k
.h|vvv#C|vvvDvvvzvvv?$vvvPgG:SvvvAvvv"vvvAvvv9Fvvv9J

RQGfv?G}VvGv9QGCDv}vQI,hG}VvGv9QGyvTv+v9Fv+v?hE!vWv9AC!vdv}v?GyvQj,h\vNGC+v9gGCJvOhOI
h@a(*Q|ZOqGJGyQ*9MhGyAQGS9J(GCZ9_>)h<"9AGC9OIGyg](*?p,GyAQ<?.

hKvv>CfEvvDvv{fvv}vvz+?@vvWvvGvv+vvh$vvPgG:SvvAvvDvv}vv9QGJ,h<vvMvv9Yvv?pvv,Gyvv=vvtvvhGyvvTvv9Lvv"vv?,
G}pv]vz+?pv,GyvTv+v9Sv?GyvAv"v}v(*v?yvzvOhyv?,vv}v9Kv>@vZv}v+v~$vPgGyvAvJvTv+"9J<v9yvAvgv9hf|vh
GCRGQfvv_,<vvJvv+vvE;vvtvvuQivv=vv97vv~<vv9SvvAvvgvv}vv9dGyvvAvvwvv"vv(yvv(Fvv+vv9GC;Fvv}vv?yvv(Gsvvgvv%vv~G:svvAvvZvv9Oj
hG:FvvvAvvv}vvv9fvvv,,pvvvAvvvwvvv9y+rGyvvvgvvv}vvv9yvvv?GC"vvvMvvvqvvv]vvv?hGSvvvAvvvMvvvOGeGC(GOG}hy+?GCJvvvz+?@vvvWvvvGvvvh
h@vZv(ffv}vz+?G:SvAvDv}v9Q.h*vqv]v{fv9OI@vWvGv+vhG:SvAvQG@v+Gv+v9JGBv9Yv?<vAvJvTv_!v(fv,
G}QG\vv,Gyvvgvv9FvvOIyvvzvv}vvRGQfvv_,hGyvvgvv9FvvOICzvvwvv+vv?GyvvOhyvv?(GCRGQfvv(fGyvvgvv9|vvzvv(fpvv,CQG\vv,
GyOhy?GyRQGf+?).
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h*vvv}vvvwvvv#GAvvvwvvv(|vvv9JhGC"vvvdvvv}vvv9JGyvvvqvvv;Ivvv+vvv?hGC"vvvdvvv}vvv9Jivvv+vvvQGAvvvwvvv(|vvv+vvv?@vvvWvvvGvvv+vvvh
G:SvvvAvvvDvvv}vvv9QGJpvvv,;vvvTvvv_G}QG\vvv,fvvv=vvvQGyvvvgvvvO*vvvO|vvv#G6y+9J;pvvv}vvvDvvv;

k
By+?GyvvvtvvvQhV

\vvQhQ*vv?yvvzvvAvvJvvTvv+"9JGyvvAvv,@vvAvvavvzvv>vvv}vv+vv9Jvvv=vv+vvQI|vv#G}|vv(Gd.vvv}vv9EfBy+?GCTvv9fvvOGJ
GC9y+?fvv̂|vvTvvAvv(iGCRQfvv?,6vvOaG:SvvAvvDvv}vv9Qh;vvTvv_G}QV,@vvwvv(f|vv;Fvv}vv?pvv,fvvOO
IvOhO|v#GAv9:J.h*v}vwv#Cf@vwv(fGCTv9fvOGJGyv%v9Opv?E]Lvqv̂@vwv9y+rGCOLv;J
h@vv(pvv+vvQGCgvvzvv(|vv9JGyvvAvvtvv"vv+vv?,ChyvvAvv"vvdvv+vv~GCRGQfvv_,|vvqvv+vvOIpvv,@vvWvvGvv+vvh:vv9QHGCRGQfvv_
fv̂@vav=v+vu!vdv~G OGQIhG:SvAvDv}v9QGAvO*vDv?yvzv"vWv9_v9JGyvRQGfv+v?GCQ<vJv?.hpv,GAv9:J
GyvAv,@vAvavzv>pvAvQGJYv+v9!v?hEOGQI_v(*vzv?,*v|OjG QVv9OGyvRQGfv,hGC"vdv}v9JGyvqv;Iv+v?
OhQG

k
|%}9

k
.

h<vvv+"vvv}vvv9*vvvAvvv=vvvzvvv(Q<vvv(\vvv(MOhQGAvvvwvvv(|vvv9JGyvvv(_vvv"vvv+vvv?pvvv,@vvv"vvvdvvv+vvv~h@vvv=vvv9OdGCgvvvzvvv(|vvv9J
hG}<vvJvv9Kpvv,GyvvgvvO*vvO|vv#GyvvOhd,*vvtvvhGyvvOhQGyvvQFvv+vvUpvv,@vvWvvGvv+vvhG:SvvAvvDvv}vv9QyvvAvvJvvTvv_
G}QG\vv,GCAvvO$vv(QIfvv=vv8vv9

k
fvv̂GAvvwvv(|vv9JGCJvvz+?.|vv#Fvv%vv?CLvvQi,Kvv><vvPdG@vv%vv(O

fvv̂|vvTvvAvv(iGAvvwvv(|vv9JGCQvvvR*vv?h<vvMvv9Yvv?pvv,GCOiGyvvavv(*vv{yvvzvv}vvJvv9pvvdvv?fvv̂|vvTvvAvv(i
h!(f+?G:!A=9gGyg9eCW9v{@O$(QG}QG\,.

(4)@gO*{It(b|zw+?G}QG\,yAWG+hG:SAD}9QGya(*{G}|Op,G}QG\,

|vv#GCgvvQhaCfIvvtvv(bGCzvvwvv+vv?hG}Yvv(dvvv9}QVhGC(GQOGyvvavv=vv+vvgvv+vv?G}LvvQi
@vzLvPCVvwv9:

k
JvAvzvqv?h|vgvtvOIpv,Gyv(svB!vqvTv&,E:CfG:LvAv;pv9J<v+#GYvav;Iv9J

GCzvvvwvvv+vvv?GBvvv9Yvvv?hGyvvvgvvv9|vvv?hGCWvvvAvvvQvvvv?,Csvvv{CGvvv+vvv?|vvv#Hvvv}vvv(fvvv?GAvvvtvvv(bGCAvvvMvvvZvvvZvvv?
<vvvtvvvQGQGJGSvvvAvvvMvvvOGeG}QG\vvv,Ch<vvv+gvvv%vvv9!vvvdvvvQG

k
E]@vvv(svvvrPyvvvxfvvv̂GAvvvtvvv(bGCzyvvv(pvvv?

hGyvvAvv"vvdvv+vv}vv9JG}Yvv(y+?.yvvPyvvx@vvgvvAvv=vvQfvv}vvz+?\vv}vv9fIvvtvv(bGCzvvwvv+vv?hIvvtvv(bG}Yvv{
GBvv9Yvv?<vv9C(GQOGyvvavv=vv+vvgvv+vv?CSvv9Svv+vv?yvv;SvvAvvDvv}vv9QGJGyvvavv(*vvzvv?G}|vvOGyvvgvv9FvvOIE]GCRGQfvv_,
hGCAvvvvgvvvvzvvvvtvvvv?<vvvvgvvvv}vvvvz+9JIvvvvqvvvveh;vvvvTvvvv_G}QG\vvvv,,E\vvvv9pvvvv?E]vvvvv(8vvvv9:vvvvgvvvv{GCRGQfvvvv_
hGCGvvAvv}vvgvv9JCvvvDvvQsvvOQIfvv̂GyvvAvvOGhdpvv,@vv"vv}vv+vv?LvvavvbG OGQI.h*vvgvvAvv=vvQGyvvtvvZvv(Qpvv,
fvvvv}vvvvz+9JGyvvvvAvvvvzFvvvv+vvvvQhGAvvvvtvvvv(bfvvvv9|vvvv;

k
|vvvv%vvvv}vvvv9

k
IvvvvOqG

k
:SvvvvAvvvvDvvvv}vvvv9QGJGCRGQfvvvv_pvvvv,EFvvvvQGA

GyAJT+"9JGB9Y?<9}QG\,.

pv,Gyv(svB!vqvTv&@vgvAv=vQIvtv(b|vzvwv+v?Gyv"vTv9AGCRGQfv9J|vWvwvzv?|v%v}v?h<vMv9Yv?pv,
GC"v9_vuGyvAv,@vAvJvwv~pv+v%v9Gyv"vTv(I<v{OGQIG}QG\v,Sv(GA<vJvwv~GyvAvtv9y+OCh<vTv=v>$vGvQI
GyvvvQFvvv9dyvvvzvvvgvvv}vvv{pvvv,GCOf.vvvvPyvvvx@vvvROGOfvvv}vvvz+?>vvv9*vvv?CQG\vvv,Qfvvv,svvvavvvgvvv9fG}ivvv"vvv9e
hG}<vvtvv9Q@vvgvvtvv+vvOG

k
,pvv,\vv(AGyvvAvv(Svvh<vvzQG\vv,GCJvv9Yvv+vv{fvv̂IvvTvv9HCQG\vv,GyvvQfvv,.

*vv]vv9aE]PyvvxCfEFvvQGAGJ@vvzFvv+vvQG}QG\vv,pvv,GyvvgvvO*vvO|vv#G}svv9y+~@vvgvv}vv{fvv̂fvvOe
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@vvvWvvvGvvv+vvvhG:SvvvAvvvDvvv}vvv9QhfvvvOe@vvv(GpvvvQG OGQIGC"vvv9Svvv=vvv?yvvv~QG\vvv,.vvvv{Pyvvvx*vvvAvvvavvvzvvv>@vvv(GpvvvQ
Svv+vv9Svv9JLvv9Yvv?<vvJvvtvv(bGCzvvwvv+vv?PGJ|vvQh!vv?vvv9pvv+vv?Avv{G}R|vv9JG@vvOq*vv?GyvvAvv,@vvtvvh<vv+#
|vvvTvvvAvvvMvvvO|vvv,G}QG\vvv,GyvvvRQGfvvv+vvv?h|vvv9yvvvwvvv+vvv%vvv9(h<vvvMvvv9Yvvv?|vvvTvvvAvvvMvvvO|vvv(G}QG\vvv,GyvvvRQGfvvv+vvv?
GyvvvvWvvvv=vvvv9HGyvvvvP*vvvv#:@vvvvAvvvv(GpvvvvQyvvvv%vvvv~Ivvvvtvvvv(bGCzvvvvwvvvv+vvvv?<vvvvgvvvvO)hh\vvvvhBy+9J|vvvvgvvvv+"?Avvvv{$vvvvPg
G}R|9J.

*vtvAvQM<vgv̂G:LvAvZv9Yv+v_G:FvAv}v9fv+v_@vDv=v+vBIvtv(b|vzvwv+v?G}QG\v,GyvRQGfv+v?
hGCQGfvvv,hGyvvvjvvv9<vvv9J<vvvWvvvwvvv{Hvvv}vvv(fvvv9JChCpvvvQGOChHvvvAvvv}vvvgvvv9JIvvvz+?.h*vvvgvvv"vvv,G!vvvAvvvtvvv9d
|vvTvv|hy+?EOGQIGC(GQOGCJvvz+?(h<vvMvv9Yvv?G}QVhGC+vv9g)E]GC"vvdvv}vv9JGCJvvz+?GCPvvv(QI
<Z[G}L+QI<Jt(b|zw+A%9y%9.

EfhFvv(O!vvdvv9eFvv+vvOAvvtvv(b|vvzvvwvv+vv?G}QG\vv,hGyvvjvv9<vv9JhGC+vv9g,*vv}vvwvv#Cf*vvtvvOe
pvv(GFvvOvvv=vv+vvQIfvv̂GCOiGyvv=vvgvv+vvO,h<vvMvv9Yvv?EPGhFvvO$vvPGGyvv"vvdvv9e<vvgvvOpvvAvvQIEQ<vv9c|vv=vvwvvQI.
|vv#Fvv%vv?CLvvQi,*vv|Oj@vvavv=vv+vvu!vvdvv~\vvgvv+vvqvv?Avvtvv(bGCzvvwvv+vv?E]fvvOe@vvWvvGvv+vvhG:SvvAvvDvv}vv9Q
p,f}z+9J;T_G}QG\,<{*R*O|#@O$(Q$9.

(5)@a(*QC!d}?<a+b|Q!?@W9Qcp,G:SAMOGeGC"9S>y~QG\,

<vvvv+"vvvvBfvvvv}vvvvz+?<vvvvavvvv+vvvvbGSvvvvAvvvvgvvvv}vvvv9dG}QG\vvvv,pvvvv,GC9\vvvv,<vvvvWvvvvwvvvv{CSvvvv9Svvvv,fvvvv̂
GCOLvvv;JGyvvvAvvv,svvvO|vvv%vvv9GBvvv=vvvQGAGyvvvqvvv"vvv+vvv(fh|vvvAvvvMvvvPhGyvvvtvvvQGQGJGyvvvTvvv+vvv9Svvv+vvv?GAvvvwvvv(|vvv+vvv?.
hGfvvvvAvvvv=vvvvQJEFvvvvQGAGJh@vvvv"vvvvdvvvv+vvvv}vvvv9JGSvvvvAvvvvgvvvv}vvvv9dG}QG\vvvv,hGCJvvvvOOGJG}LvvvvQiCOhGJ
GyvvAvvMvvavv+vvbG}Svv9Svv+vv?.<vvWvvwvv{fvv9eD@vvwvv#$vvPgGC(O*vv;JGyvvAvvMvvavv+vvavv+vv?!vv9FvvJvv? Gvv9yvv%vv9
G:$vvAvv}vv9|vv9JGCJvvz+?(BQGAGCRGQfvv_)hyvvAvvjvv9\vv+vv%vv9fvv#GyvvAvvtvv"vv+vv9JGCAvv(GpvvQIhG:LvvAvvQGfvv9J
GC"vvdvv}vv?, fvv9OIIvv{G}R|vv9J<vv+#vvv{|vv#G}$vvOGaG !vvAvv9Fvv+vv?hG}$vvOGaGyvv=vv+vv8vv+vv?,EP
COJ$vPgGC(O*v;JGyvAvMvav+vav+v?E]Lvavb<vtv+vBSv9vv"v?pv,hFv&GyvAvjv+vQGJG:svAvZv9O*v?
hGy=+8+?GyO*"9|+w+?.

C|vvv9|vvv(O*vvv;J,Ch!vvv}vvv9PL,GyvvvAvvvMvvvavvv+vvvbGAvvvO*vvvDvvv?GyvvvAvvv,Qv
q
vvvRJfvvv̂fvvv}vvvz+Avvv,IvvvZvvvQ

GSvvAvvgvv}vv9:JG}QG\vv,hGyvvAvvMvvavv+vvb|vvgvv9
k

,pvvtvvOSvv%vvzvvB@vv;Ivv~|vvWvv9vvv{@vvO$vv(QG}QG\vv,
hGAvvvzvvv(dGC}vvvwvvv"vvv?GyvvvAvvv,@vvv(GpvvvuJvvvAvvvzvvvr|vvvTvvvAvvvMvvvO|vvv,G}QG\vvv,,Ivvv+vvvE*vvv}vvvwvvv#GC"vvvdvvv}vvv9J
GAvvwvv(|vv+vv?Gyvvtvv+vv9e<vvAvvtvvO*vv~GyvvAvvTvv%vv+vv;J.yvvtvvOIvvtvvtvvB$vvPgGC(O*vv;J!vvGvv9Ivv9

k
pvv,|vvgvv9@vv?

|vvWvv9vvv{EOGQICQG\vv,GCQGfvv,hLvvavv(W@vvtvvTvv+vv~GC+vv9g.h*vv}vvwvv#@vvgvv}vv+vv~$vvPgGC(O*vv;Jpvv,
|vvgvv9@vv?GCWvv9vvv{GBvv9Yvv?<vvAvvMvvavv+vvbGSvvAvvgvv}vv9dG}QG\vv,GCJvv+vvavv?<vv9C"vv9_vvuGAvv]vvQ*vv?hpvv,
EOGQIG}QG\,Gyj9<(*?GAO*?hp,GyRQGf9JGC9F+?GCz(C?.

hyvvvOiGSvvvAvvvgvvv}vvv9d$vvvPgGC(O*vvv;J,ChGyvvv"vvv}vvv9PLGyvvvAvvvMvvvavvv+vvvavvv+vvv?,:<vvvO|vvv#@vvv(GpvvvQ
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G}OhGJGC;Fvvvv}vvvv?yvvvv%vvvv9,E\vvvv9pvvvv?E]@vvvv(GpvvvvQGyvvvv=vvvv+vvvv9!vvvv9JhEIvvvvZvvvv9AGJGAvvvvZvvvvQG}Svvvv9Svvvv+vvvv?
hGyvvAvvOQ*vv>hGyvvAvv"vvdvv+vv~hC!vvdvv}vv?G !vvPGQhG}<vvJvv9K.h*vv}vvwvv#$vvPgGyvv"vv}vv9PLGyvvAvvMvvavv+vvavv+vv?<vv"vv9A
<vvavv9svv?@vv"vv9Svv>vvv;

k
|vv#Hvv}vv(fvv9JGCRGQfvv_hGAvvwvv(|vv9JGCJvvz+?.C|vv9G}R|vv9JGCAvv(Svvavv?

<vv+#JvvAvvzvvrHvv}vv(fvv9J|vvTvvAvvMvvO|vv,G}QG\vv,GCwvv(!vv?<vvAvvzCvv+vvQGyvvgvv(G|vv{GBvv9QFvv+vv?yvvAvvO$vv(Q
G}QG\v,,pv%v,|vTv|hy+?G@v%v9JGyvgv9|v?,EP:*v}vwv#By+?GyvTv(b|vgv9@v?_vzv=v9J$vPg
GCGv}v(fv9Jh<vMv9Yv?C!v&:*vAv(GpvQSv(bhCSvgv9QBvO|v9JGC(GQOGyvav=v+vgv+v?h@v%v(O$v9,
yvvPyvvx;vvAvv9LC!vvdvv}vv?Ivv{G}R|vv9JGCAvv(Svvavv?E]COhGJCtvv9<vvzvv?G:IvvAvv+vv9Fvv9JGyvvtvv9!vv(!vv+?
CMAzr|TAMO|,GC(GQO(CC"9A>9*?GC(QOG}S9S,).

h:*vv(Yvv,Gyvvqvv"vv+vv(ffvv9OI<vv(\vvhGC(G!vvhGyvvtvv9!vv(!vv+?:SvvAvvMvvOGeG}QG\vv,GyvvRQGfvv+vv?
GCAvvO$vv(QI!vvdvvQG

k
E]fvvOesvvOQIGyvvTvvzvvavv9JGBvv9QFvv+vv?(ivv+vvQGCRQfvv+vv?)fvv̂GyvvAvv"vvqvv+vvP.vvv}vv9:

*vvv(Yvvv,Gyvvvqvvv"vvv+vvv(f<vvv9@vvv=vvv9YG FvvvQGAGJGyvvvtvvv9!vvv(!vvv+?:SvvvAvvvMvvvOGeChfvvvOeGSvvvAvvvMvvvOGeGyvvvAvvvtvvv"vvv+vvv9J
GBvvv9Yvvv?pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?,<vvv9SvvvAvvvDvvv"vvv9AGyvvvOhdPGJGyvvvOLvvv(dGyvvvgvvv9y+?ChG}svvv9y+~PGJ
GC"vvdvv}vv9JhGC|SvvTvv9JGyvvgvv9|vv?Fvv+vvOIGyvvAvv"vvdvv+vv~,Chpvv,GAvv9:JPGJGC(G!vvhChGCJvvOOGJ
GC"d}?F+OG

k
v}9p,Gy=J(K,ChGCt+}?F+OG

k
|#Sw9fGCRQf?.

$vvvvPG,hKvvvv>Cf@vvvvQvvvvvRGBvvvvavvvvbEFvvvvQGAG7vvvv9h@vvvvgvvvvz+}vvvv97vvvv9fvvvv̂GCMvvvvQFvvvv9JGyvvvv=vvvv+vvvv8vvvv+vvvv?
(vvvAvv(\vv+vvKGCTvvAvv(*vv9JGCtvv=vv(yvv?yvvzvvAvvQSvv>|vv#Lvvb@vvtvvTvv+vv~GC+vv9g)CvvvDvvQ|vv#@vvQvvv+vvR$vv9fvv̂
GyvvvvAvvvvavvvv=vvvv+vvvvtvvvv9JGyvvvvRQGfvvvv+vvvv?GBvvvv9Yvvvv?,|vvvvhGyvvvvQ<vvvvbGyvvvvOGFvvvv~<vvvv+#GCWvvvvwvvvvzvvvv?G}Svvvv9Svvvv+vvvv?GCAvvvv}vvvvDvvvvzvvvv?
<vv9SvvAvvgvv}vv9:JG}QG\vv,GyvvRQGfvv+vv?hGyvvjvv9<vv9JhGCJvv9pvvdvv?fvv̂!vvWvv9_vv9JGC(G_vv#Gyvvavv=vv+vvgvv+vv?,
EPK>Gyg"9*?h>9*?GC(G_#Gy=+8+?PGJGyA"(YGA+(jGCQ@qhGyt+}?.

(6)Of~GC"d}9JGCJz+? OGQIGC(GQOGCJz+?

|vvv#GCgvvvQhaC!vvv&vvvvzvvv}vvv9RGOfvvvOOGCTvvv9Gvvv_pvvv,|vvvWvvv9Q*vvvh>vvv9*vvv?G}QG\vvv,,C|vvvwvvv#
|vvgvv9@vv?|vvWvv9vvv{@vvO$vv(QG}QG\vv,<vvqvvgvv9y+?Cvvv=vvQ.hpvv,vvvDvv+vvQ|vv#GAvv9:J@vvWvv}vv{|vvWvv9Q*vvh
>v9*v?G}QG\v,EOGQIGC(GQOGyvav=v+vgv+v?|v#sv=v{|v"vdv}v9JIvz+?(|vDv;

k
:|v"vdv}v?|vTvAvMvO|v,

GC+v9gGCJvz+?h|v"vdv}v9JEOGQIGCRGQYGyvjv9<v(*v?).h@vgvAv=vQ$vPgGCQGsv=v?|v;Fv}v?fv"vO|v9*v]v}v#
GyvTvwv9fGCJvz+(f$vPgGC(GQO.h*vgv(qdGyv=vgv̂vvDv+vQG

k
fv̂$vPgGC"vdv}v9JGCJvz+?pv,Iv{

|vWvwv;JEOGQIG}QG\v,!vdvQG
k

E]@vav=v+vtv97v9GCAvgvOOIpv,GyvTv+v9Sv?,E:Cf$vPgGC"vdv}v9J
iv9yv=v9

k
|v9;vAv9LE]Gyvgv}v{Sv(*v9

k
|vhGC|SvTv9JGAvwv(|v+v?yvAvJvtv+vuC$vOGaEOGQIG}QG\v,.

hpvv,$vvPgGAvv9yvv?:<vvO|vv#EKvv9Osvv9fvvOIfvv9|vv?h@vvQ@vv+=vv9JFvvO*vvOIyvvzvvAvvgvv9hf<vv+#|vv|SvvTvv9J
Gyvv=vvJvvEGAvvwvv(|vv+vv?hvvv{|vv#GC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv+vv?hGC"vvdvv}vv9JGyvvqvvgqvv9yvv?,6vvOa@vvavv(*vvQ
GyA"}+?Gyqg9y?h@=",v{|#IqeGC(GQOh@t"+9JR*9OIGyj;d.

220



(7)@a(*QGy="+?GyAJA+?GyAT(*t+?

@vvvgvvvAvvv=vvvQGyvvvAvvv"vvv}vvv+vvv?Gyvvv]vvvgvvv+vvvqvvv?hG}Svvv(GbGyvvvQGvvvvOI|vvv#Cvvvv=vvvQ|vvv(G!vvvhChIvvvOOGJ;vvvTvvv_
G}QG\vv,GCAvvO$vv(QI.pvvgvvOehFvv(OhSvv9FvvbGyvv"vvtvv{G}Svv9Svv+vv?h<vvMvv9Yvv?GyvvavvQsvv9J,LvvO|vv#
fvv}vvz+?Evv(*vv#GyvvTvv(b<vv9:SvvAvvDvv}vv9QGJGyvv;R|vv?yvvAvvJvvTvv_G}QG\vv,GCAvvO$vv(QIh<vvMvv9Yvv?pvv,
CFvRGAvv=v+vQI|v#CpvQ*vtv+v9hpv,Esvz+~G}!vO*vR|v#C|vQ*vwv9GyvWv}v9y+?.Ef;vTv_Gyv=v"v+v?GyvAvJvAv+v?
Ef$vvv(E:Ivvv9yvvv?\vvvQhQ*vvv?yvvvAvvvz|vvv_G:SvvvAvvvDvvv}vvv9QGJyvvvzvvv}vvvRGQYGyvvvwvvv=vvv+vvvQI|vvv#svvv=vvv{GCRGQfvvv_.
pvvJvvQ*vv?G!vvAvvtvv9dGCOLvv;J<vv9}Svv(GbSvv(a@vvTvv9fvvOfvv̂fvv}vvz+?;vvTvv_GC(GQOGCAvvO$vv(QI;
pvvv}vvvDvvv;

k
*vvv}vvvwvvv#Cf*vvvwvvv(f@vvv(Q*vvvOG}Svvv}vvvOIGCAvvvavvv(QIhG}vvvvDvvvQpvvvgvvv9y+?Ivvv;

k
yvvvqvvvtvvvOGyvvvgvvv"vvv9YvvvQ

GyvvjvvPGFvv+vv?yvvzvvAvvQH,pvvJvvQ*vv?CSvv(GbG}Svv}vvOIpvv,Fvv"vv(HBSvv+vv9hVvvQGD$vv9|vv#GyvvAvvgvv9h!vv+9J
GyvvTvv}vv9O*vv?GCJvvz+?<vv9@vv}vvzvv?,GfvvAvv=vvQJLvvavv(GJ|vvTvv9fvvOIAvv{|vvWvvwvvzvv?pvvtvvOGyvvgvv"vv9YvvQyvvAvvQH
Ohd$PGG sz+~.

(8)@ZJ+K!d9eI(GpRG}Sg9QGCAO$(Q

svvO:KvvQj@vvavv=vv+vvuLvv+vv9QGJGyvvAvvJvvTvv_GyvvAvvtvv"vv,hGCgvvzvv(|vv9JG@vv+vvOIh\vv}vv9fIvvtvv(b
G}QG\vv,h|vvzvvwvv+vvAvv%vv9yvvAvvzvvv+vvOGyvvAvv=vv"vv,Gyvv(GSvvhyvvZvv+vv9!vv?GC(GQOh;vvTvv+"%vv9h<vvMvv9Yvv?G}QV,
!vvdvvQG

k
E]CfGCRGQfvv_yvv#*vvTvvAvvDvv}vvQhGpvv,;vvTvv_G}QG\vv,hEOGQIYvv+vv9!vv?GC(GQOfvv}vv(|vv9

k
|vv9

DLvZvzv(Gfv̂GAv(GpvRhEFvQGAGJ@v"vqv+vP$v9.hyvTv(AGAve,EfSv+v9Sv9JG}Svgv9QGAv9y+?
yz}(GQOGya=+g+?hGCOL;J:@WGhf^@(p+QG OGQIGC;F}?.

*vvv}vvvwvvv#|vvvDvvv;
k

Ivvv{|vvvWvvv9vvvv{GCzvvv(Ivvv?pvvv,G}svvv9y+~GCQh*vvv?EPGhFvvvOJBy+?yvvvAvvvTvvvgvvv+vvvQ
GC+vv9g,EPEfCSvvgvv9QGC+vv9gGAvv9y+?Csvv{<vvwvvDvv+vvQ|vv#svv+vv}vvAvv%vv9.vvv}vv9EfG}Svvgvv9QGC"vvMvvqvv]vv?
yvvvtvvvavvvhCVvvvGvvv9QGyvvvjvvv9<vvv9Jpvvv,OhdC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?hFvvv"vvv(HBSvvv+vvv9@vvvgvvvwvvvUsvvv+vvv}vvvAvvv%vvv9
G:svvvAvvvZvvv9O*vvv?(E\vvv9pvvv?E]svvv+vvv~CLvvvQi)Gyvvv%vvv9Opvvv?E]@vvvtvvvz+[fvvv}vvvz+?svvvavvvhG}LvvvWvvv9Hpvvv,
G}QG\v,,Iv+vE@vgvAv=vQfv9Fvtv9

k
pv,EOGQIG !vAv9LGCwvDvryvRQGfv?G}QG\v,.h!vdvQG

k
E]Cf

G}!vvvdvvv}vvv?Gyvvv]vvvQ*vvv=vvv+vvv?pvvv,C|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?GAvvv9y+?@vvvWvvvGvvvhGyvvvRQGfvvv?GC"vvvAvvvWvvvQIhE\vvv9pvvv?
GCOLvv;J<vv"vvTvv=vv?|vv"vvMvvqvv]vv?,pvv;<vvOAvvwvv(|vv9JOhd$vvPGG svvz+~|vv#Efvv9OIGyvv"vvdvvQpvv,
$vvvPgG}!vvvdvvv}vvv?Gyvvv]vvvQ*vvv=vvv+vvv?GyvvvRQGfvvv+vvv?,hvvvvPyvvvxpvvv,CSvvvgvvv9QGCgvvv(!vvv9JGyvvvgvvv+"+vvv?h|vvvgvvvO:J
;vvv(*vvv{Gyvvvgvvv}vvv;Ahivvv+vvvQ$vvv9|vvv#G6y+9JGyvvvAvvv,fvvv}vvvzvvvB,h|vvv9RGyvvvB@vvvgvvv}vvv{,fvvv̂Lvvvqvvv̂
Jvv9_vvQGSvvAvvMvvOGeGC=vv+vvOGJhGyvvwvv+vv}vv+vv9Fvv+vv9Jhivv+vvQGvv9,<vvJvv+vvE*vvtvvzvv[GSvvAvvgvv}vv9yvv%vv9yvvAvvgvvwvvU
GyAw9y+rGy=+8+?hGyZJ?Gyg9|?.

fvv̂vvv{Ivv9d*vv}vvwvv#!vv(YChCSvvzvv(HGCTvv9fvvOICf*vvWvv9Qcpvv,R*vv9OIGyvvtvv(IGyvvwvv9|vv"vv?
G !vvAvv9Fvv+vv?CvvvDvvQ|vv#R*vv9OIGyvvjvv;dGAvv9y+?,Cj*vvWvv9Qcpvv,fvv}vvz+?G:SvvAvvDvv}vv9Qpvv,;vvTvv_
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G}QG\vv,GCAvvO$vv(QI.hpvv,$vvPgGAvv9yvv?Kvv>Cf@vvP$vv>G:SvvAvvDvv}vv9QGJ|vv=vv9VvvQIE]GC"vv9_vvu
Ivvv+vvvEGAvvv(GpvvvRG:svvvAvvvZvvv9O*vvv?yvvvzvvv}vvvRGQfvvv_:;vvvtvvvuVvvvQGA$vvv~yvvv~Svvv}vvvOIChGSvvvAvvvgvvv}vvv9yvvv%vvv~
CTvAvzvR|v9JG !vAv9LG}LvQi,h<v9yvAv9[*v=vtv)G !vAv9L|v#Ohf@vTv}v+vOh*vOhQ\v}v#OGFvQI
GyvvRQGfvv?GyvvTvvzvv=vv+vv?,|vv9*vvR*vvOpvv,@vvqvvAvvBh@vvO$vv(QG}QVfvv̂GCOiGyvv=vvgvv+vvO,yvvPyvvxKvv>
Q<vvb|vvTvv9fvvOGJGyvvAvvTvv}vv+vvOpvv,<vvQ!vv9|vvHhGSvvhyvvAvvJvvTvv_G}QG\vv,.C|vv9<vv9yvv"vvTvv=vv?E]GC"vv9_vvu
PGJGyvAvwv9y+rGyvAvTv}v+vO*v?GCQ@vqvgv?hiv+vQGCtv=v(yv?|v#sv=v{GCRGQfv_<vTv=v>@vwv9y+rGyv"vtv{
hGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?GCQ@vvqvvgvv?,pvv+vv}vvwvv#@vvtvvO*vv~$vvPgGCTvv9fvvOGJGyvvTvv}vv9O*vv?|vvhESvvtvv9W@vvwvv9y+r
!tz%9.

(9)@WG+h!}(GyOL{GyQ*q,h@"(*g&

fvvv}vvv(|vvv9
k
*vvv}vvvwvvv#!vvv}vvv(GyvvvOLvvv{GCRQfvvv,h@vvv"vvv(*vvvgvvv&Cf*vvvTvvv9fvvvOpvvv,GAvvvO|vvv#@vvvO$vvv(Q

G}QG\vv,h*vvWvvGvvhfvv̂;vvTvv+"%vv9fvv=vvQBy+9J|vvAvvgvvOOI,pvv+vvtvv(O!vv}vv(GyvvOLvv{GyvvQ*vvqvv,E]!vv}vv(
CSvvv(GbGC"vvvAvvvGvvv9JGCAvvv"vvv(fvvv?hGC"vvvAvvvGvvv9JGC;Fvvv}vvv?yvvvzvvvJvvv9:JGyvvv=vvv+vvv8vvv+vvv?pvvv,G}QG\vvv,GAvvvO*vvv?
(Ivvvv9Yvvvv+vvvv{G}VvvvvGvvvv9QGCDvvvv}vvvvQI).h<vvvvzvvvvuR*vvvv9OGJGyvvvvOLvvvv(dpvvvvQYvvvv9

k
CvvvvvDvvvvQyvvvvAvvvvwvvvv9|vvvv{Gyvvvv"vvvvdvvvv~

GyvRQGfv+v?(G !vAv9LGyv"v=v9OhGAv+v(GP),hGyvOhQGJGyvRQGfv+v?hGCJv9Yv+v{Gyvgv9y+?Gyvtv+v}v?GyvAv,
@vvvvTvvvv9fvvvvOpvvvv,;vvvvtvvvv+vvvvu;vvvvTvvvv+"9JG}QG\vvvv,.h*vvvv}vvvvwvvvv#<vvvvqvvvv+vvvv̂Ivvvv(GFvvvvRGyvvvvAvvvvGvvvv9QIGyvvvvgvvvv9C+vvvv?
hG svvvz+}vvv+vvv?Cf@vvvR*vvvOpvvvQUG !vvvAvvv9LGyvvvgvvv9[Gyvvvtvvv+vvv}vvv?ChGC"vvvAvvvGvvv9JGC;Fvvv}vvv?yvvvzvvv=vvv+vvv8vvv?6vvvOa
GyAZO*Q.

h@vtvOefv}vz+?GyvAvJv]vQfv9OIpvQYv9
k

|v%v}v?yv"v}v(fv}vz+?Q<vbGyvRQGfv?<v96Cv9QG Kv9<v+?
 OGQIG}QV,E:CfGyvv"vv}vv(GAvv]vvQjGBvv9_vvrChGC"vvJvvQa,ChGyvv"vv}vv(GAvv]vvQjGyvvtvv9Fvv~
fvv̂IvvTvv9HGC"vvAvvGvv_GyvvQ*vvqvv+vv_,Svv+vvtvv(OE]fvv}vv{Csvv{hGSvvAvvDvv}vv9QCvvv=vvQyvvQCSGC9dpvv,
;vvvTvvv+"9JGCRQfvvv?,h*vvv}vvvwvvv#Cf*vvvtvvv(OC*vvv]vvv9

k
E]@vvvQcGyvvvAvvvtvvv"vvv+vvv9Jivvv+vvvQGCAvvvO$vvv(QIGAvvv9y+?.

h@vvtvvAvvQMGyvvWvv(G$vvO<vvzfG6Cvv9QG:svvAvvZvv9O*vv?GCAvvgvvOOIGyvv(GQOI|vv#R*vv9OGJOLvv(dGCRQfvv?,
$,Cv=Q|#@zxGy(GQOI|#GC"9_uGA]Q*?.

vvvPyvvx*vvtvv(O@vvtvvz+[hGsvvhGyvvqvvtvvQ<vv9yvvQ*vvrE]Lvvqvv̂Gyvv]vvjvvbfvv̂GyvvAvv(Svvh<vvRQGfvv?
G}QVG}vvvvDvvvQIvvvO*vvv?($vvv9|vvvWvvv+vvv?)Ivvv+vvvE*vvvtvvv(O|vvvDvvv{$vvvPGGyvvvAvvv(SvvvhE]$vvvGvvvQIGyvvvgvvv}vvv9d
GyvRQGfv+v_Gyvgv9_vz+#fv#Gyvgv}v{.h*v}vwv#GSvAvQG@v+Gv+v9J<vqv+vrGyvqvtvQGyvQ*vqv,G}LvQiCf
@vvtvvzvv[$vvPgG}!vv(GY|vv#@vvO$vv(QG}QG\vv,hGyvvgvv9FvvOIE]GSvvAvvDvv}vv9QGC(GQOivv+vvQGC"vv9Svv>Ch
E]GSvvAvvQG@vv+Gvv+vv9JGyvvqvvtvvQGCAvv=vvtvv+vv?hivv+vvQGC;Fvv}vv?.CLvv+vvQG

k
*vv}vvwvv#G:svvAvvZvv9OGyvvQ*vvqvv,GCAvv"vv(YCf

*vvtvvOeLvv+vv9QGJ|vvAvvgvvOOIC(GQOGAvv+vv9I,hCf*ovv(FvvO|vv(GQOGSvvAvvDvv}vv9Q*vv?@vvTvvAvvMvvOepvv,;vvTvv_
G}QG\,,Ch@tz[IO*?<g^G}QG\,GCRQf+?Ch=+g%9.
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(10)Lq^GyqtOGB9U<9:SAD}9QGyg9ep,GC"9_uGAO*?

$vvvv"vvvv9cG:vvvv9gfvvvv9eyvvvvOiGyvvvvOhdfvvvv̂@vvvvQvvvvv+vvvvRG:SvvvvAvvvvDvvvv}vvvv9QGJGyvvvv(_vvvv"vvvv+vvvv?Gyvvvvgvvvv9|vvvv?pvvvv,
GCGvvvAvvv}vvvgvvv9JGAvvv]vvvQ*vvv?hpvvv,E!vvvAvvv9LGC"vvvAvvvGvvv9JGyvvvjvvvPGFvvv+vvv?G}Svvv9Svvv+vvv?(Svvvzvvv?GBvvv=vvvRCh_vvv9Svvv?
G}QR),hfvvvvv̂|vvvvvQGvvvvvvRGyvvvvvAvvvvvZvvvvvO*vvvvvQGyvvvvvRQGfvvvvv+vvvvv?h<vvvvvMvvvvv9Yvvvvv?pvvvvv,fvvvvv%vvvvv(O<vvvvv"vvvvv9AGyvvvvvOhd.$vvvvvPg
G:SvAvQG@v+Gv+v?Gyvtv9Fv}v?fv̂IvQ|v9fG}sv9y+~GyvRQGfv+v?GAvO*v?|v#G:SvAvDv}v9QGyvgv9ehSv+v9Sv?
GyOf~,y%9Sz=+9Jh@=g9J@d%Qp,GCO*_GytZ+QhGya(*{f^GyT(GA.

yvvtvvOSvv9fvvOG:SvvAvvDvv}vv9QGCJvvOhOpvv,GyvvAvvgvvz+~G:<vvAvvOGFvv,hGyvvZvvJvv?hGyvvAvvMvvavv+vvbGyvvgvv9Fvv\
CDvv{$vvPgGC"vv9_vvufvv̂EKvv9OGCWvv9vvv{GAvv9y+?yvvAvvO$vv(QG}QG\vv,,h<vv9yvvAvv9[\vvgvvrG@vv%vv(O
Cgvv9@vv?$vvPgGCWvv9vvv{.|vv#Fvv%vv?CLvvQi,*vv}vvwvv#GBvvO|vv9JGyvvRQGfvv+vv?Gyvvgvv9|vv?Cf@vvwvv(fCvvvDvvQ
CGvv+vv?yvvzvv}vvRGQfvv_pvv,G}QG\vv,GAvvO*vv?ChGyvvtvv9Svv+vv?GyvvAvv,D<vvOeFvv+vvOG

k
|vv#svv=vv{GyvvOhyvv?

yvv~$vvOGaGyvvAvvGvv9Q*vv?.pvv,GyvvgvvO*vvO|vv#Gyvv=vvtvvhGyvvTvv9Lvv"vv?pvv,Gyvvgvv9D,vvv9C"vv9_vvuG@vv9pvv?hVvv=vv&
G@vv9pvv?hVvv=vv&GyvvQ_vv=vv?pvv,CpvvQ*vvtvv+vv9,@vvAvvgvv9QVGBvvO|vv9JGyvvRQGfvv+vv?Gyvvgvv9|vv?|vvh|vv"vvhGyvvAvvO$vv(Q
G@vvOjAvv9:J|vvgvv+"?|vv#G}QG\vv,;pvv}vvDvv;

k
@vvgvvAvv=vvQ@vv"vv}vv+vv?G}QG\vv,Gyvv%vv]vv9<vv+?pvv,Esvvz+~

Fvv"vv(HVvvQbBSvv+vv9PGJChyvv(*vv?pvv,;vvtvv+vvuC$vvOGaGyvvTvv+vv9Svv?Gyvvgvv9|vv?yvv&GCAvv}vvDvvzvv?<vvAvvMvvqvv+vvr
IvvOIGyvvqvvtvvQhR*vv9OIG !vvAvv9Lh;vvtvv+vvuG}$vvOGaGyvv=vv+vv8vv+vv?,h<vv9yvvAvv9[pvvz*vv?GSvvAvvQG@vv+Gvv+vv9J@vv(\vvh
yvv%vvPgG}svv9y+~Gyvv"vv9|vv+vv?Kvv>Cf;vv(j|vv(\vv(YG}|vv#GyvvjvvPGFvv,yvvTvvwvv98vv9GyvvP*vv#*vv(GFvv%vv(f
G6fIvvv9:JGBvvvavvvQGyvvvwvvv=vvv+vvvQhfvvvOeGy+tvvv_pvvv,GSvvvAvvv}vvvQGQGAvvv+vvv9I.h*vvv}vvvwvvv#G:SvvvAvvvDvvv}vvv9QGJ
GCZvvQhpvv?fvv̂;vvTvv_G}QG\vv,GCAvvO$vv(QICf@vvwvv(fCOhGJ;vvtvv+vvuGyvv%vvOpvv_GCPvvv(Q*vv#
(<vqv+vrIvOIGyvqvtvQhR*v9OIG !vAv9L).Iv9y+9

k
@vTvAvMvOeGC(GQOGyvgv9|v?yvAvJvtv+vu$vOaGyvjvPGA

h<vvqvv+vvrG@vv(YhERGyvv?BCvv9QGyvvwvv(GQKGCQ@vv=vvavv?<vvJvv9:JGyvvAvvO$vv(QGyvvAvv,*vvTvv=vv=vv%vv9G !vvTvv9f
hGyA,*}w#QO$9=+g9

k
E]G:SAD}9QGC"AH.

QG<g9
k

:GyAZJQ

*vvvvgvvvvQaGyvvvvAvvvvZvvvvJvvvvQ<vvvvz!vvvv&@vvvvO$vvvv(QCh@vvvvQOqjG}QG\vvvv,(Land Degradation)h*vvvvgvvvv"vvvv,
G!vvvMvvvqvvv9VChpvvvtvvvOG !vvvAvvv9Fvvv+vvv?GAvvv+vvv(*vvv?ChG:svvvAvvvZvvv9O*vvv?pvvv,GC"vvv9_vvvuGCAvvvzCvvvQIpvvv+vvv&,h@vvvgvvvtvvv+vvvO
Gyvgv}vz+9JGyvRQGfv+v?pv,GyvdvQhaGyv=vgvz+?hGCQh*v?,hvvPyvxpv,|vQGfv,GC9Vv+v?hGyvjv9<v9J
hG}IvQGL,!vAv+vGv?Sv(AGSvAvgv}v9dG}QG\v,Ch!vAv+vGv?=vzv?fv}vz+9J\v9QI<v9yv=v+v8v?<v}v9pv,
PyvxGyvgv}vz+9JGyv"v9=v?fv#G}!vWvav?Gyv=vWvQ*v?.h$vwvPG*v}vwv#Gyvtv(dEfG}Sv=v9HGyvQFv+vTv?
yzAZJQ@AzM[p,H}(fA_|#Gyg(G|{:

G}h],Gyvvgvv(G|vv{GC"vv9Lvv+vv?GyvvAvv,*vvZvvgvv>GyvvTvv+vvavvQIfvvz+%vv9,hCGvv%vv9@vvgvv9svv>!vv(<vv9J
G@q9ah@j+QGJf"9YQGC"9NGCMAzq?.
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hGyvvDvv9!vv+?,GC}vvv9QSvvv9JGyvvv=vvvWvvvQ*vvv?ivvv+vvvQGyvvvTvvvz+}vvv?GCTvvvAvvvgvvv}vvvzvvv?pvvv,G:SvvvAvvvDvvv}vvv9QGBvvv9_vvvr
yz}(GQOGya=+g+?,hS(AEOGQIG}!d}?Gy=+8+?.

C|9CS=9HGyAZJQpA"JZQ(46)
<}9*\:

vvvvvG:!GQGaGC9F,.

vvvvvG:!GQGaGyQL,.

vvvvvGywD=9fGyQ|z+?GyRGIq?.

vvvvvGyA}zK.

vvvvv@z(KGyAQ<?.

vvvvvGyAzrGy"9F~f#G !A9LGyRQGf,.

vvvvv@zC+QGyRQGf?PGJGCOL;JGCQ@qg?p,GyAQ<?hGy=+8?.

vvvvvS(AGSAg}9dG}Q\,.

vvvvvS(AGSAg}9dGC(GQOGC9F+?.

vvvvv@vvO$vv(QGyvvjvvavv9AGyvv"vv=vv9O|vvAvv}vvDvv;
k
<vvJvvQGFvvuGyvvjvv9<vv9JhGyvvtvvavvhivv+vvQGC"vvdvv~yvv%vv9,hSvv(A

EOGQIGCQGf,hGyQf,G@9FQ.

vvvvv@O$(QGA+9IGy=Q*?.

vvvvvGCWvv9vvv{G OGQ*vv?hG:FvvAvv}vv9fvv+vv?yvvzvvAvvZvvJvvQh@vvAvv}vvDvv{<vvvv:!vvtvv[Gyvv(fvv,Gyvv=vv+vv8vv,;fvvOe
GyvvAvv(GRf<vv+#Gyvv"vv}vv(GyvvTvvwvv9PhGyvv"vv}vv(G:svvAvvZvv9Oj;\vvgvvrvvvqvv9AIGyvv"vvdvv~GyvvRQGfvv+vv?hivv+vv9H

GyvvAvvwvv9|vv{<vv+#Gyvvtvvavv9fvv9JG !vvAvv9Fvv+vv?GCMvvAvvzvvqvv?;fvvOehFvv(O@vv"vvTvv+vvuvvv9am<vv+#GC|SvvTvv9J

hGyvvv%vvv+vvv8vvv9JhGyvvvtvvvavvv9fvvv9JGCMvvvAvvvzvvvqvvv?;svvvZvvv(QG QVvvv9OGyvvvRQGfvvv,hfvvvOe@vvv(GpvvvQG |vvvwvvv9!vvv9J

Gyvv;R|vv?yvv&yvvzvvtvv+vv9e<vvOhQpvvgvv9d;fvvOe|vv(Gvvv=vv?Gyvv=vvJvvEGyvvgvvzvv}vv,fvv#Gyvvtvv+vv9e<vvOhQpvv9fvv{pvv,
OQGSvv?hIvv{GCWvv9vvv{Gyvvtvv9Fvv}vv?pvv,=vv+vvhGCGvv9:JGyvv=vv+vv8vv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?;
hivvv+vvv9HGyvvvAvvvMvvvavvv+vvvbGyvvvgvvvzvvv}vvv, OGQIGC(GQO;fvvvOe@vvv(GpvvvQGCgvvvzvvv(|vvv9JGyvvvwvvv9pvvv+vvv?hGyvvvOsvvv+vvvtvvv?
yAw(fCS9S9

k
p,h\hGBabhGy=QG|HGyA"}(*?.

(46)CR*vvvO|vvv#GCgvvvzvvv(|vvv9Jfvvv#CSvvv=vvv9HGyvvvAvvvZvvvJvvvQ,G!vvvdvvvQ:hRGQIG OGQIGCJvvvz+?hGyvvv=vvv+vvv8vvv?hhRGQIGyvvvRQGfvvv?

hG Y;MGyRQGf,p,S(Q*9.
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$PG,h@A}D{G:!gw9S9JG:FA}9f+?hG:sAZ9O*?yzAZJQ<9y"t9WGyA9y+?:

1vvvvv@vAvQGpvu|vdv9$vQGyvAvZvJvQGyv"v9=v?fv#CSv=v9<v&GCMvAvzvqv?|vh@vOP|vgvO:JG !vAv9L
GyvvRQGfvv,<vvWvvtvv+vv&Gyvv"vv=vv9OhGAvv+vv(GP,h<vv9yvvAvv9[G!vvMvvqvv9VGyvvOLvv{Gyvv(_vv"vv,hLvvzvvuCR|vv9J
GsvAvZv9O*v?@vwv(fIvZvzvAv%v9R*v9OIGyvqvGv(IGyvjvPGFv+v?,h7vO*vOG}|v#GyvjvPGFv,h!vWv(AcvQha
F9!=+?s9S+?.

2vvvvv*vv"vvWvvzfvv#<vvgvv̂|vvdvv9$vvQGyvvAvvZvvJvvQ|vvDvv{G:!vvGvvQGaGC9Fvv,hGyvvQLvv,,E\vv9pvv?E]
@vvO$vv(QGyvvAvvQ<vv?,<vvgvv̂G}\vvQGQGyvv"vvqvvTvv+vv?hGyvvZvvJvv+vv?!vvAvv+vvGvv?@vvzvv(KGyvvjvv;aG@vv(jhGC+vv9g,
E\vvv9pvvv?E]<vvvQ*vvv>GC"vvvWvvv5J|vvvDvvv{GyvvvavvvQbhGBvvvavvv(WGAvvvO*vvvO*vvv?hC!vvv9<vvv+>Gyvvv"vvvtvvv{hLvvvavvv(W
G:@Z9d.

3vvvvvyvvzvvAvvZvvJvvQBCvv9QGFvvAvv}vv9fvv+vv?<vvgvv+vvOIGCOifvv̂G}pvvQGOhGCGvvAvv}vvgvv9J,@vvAvvqvv9hJ<vv+#
GyvvqvvtvvQhGCGvv9fvv9JhGyvv%vvGvvQI,h*vv"vvWvvzfvv#Pyvvx|vvWvv9vvv{hG\vvavvQG<vv9JSvvwvv9!vv+?hGFvvAvv}vv9fvv+vv?
@gGRf#|(GF%A%9GCGA}g9JGyA,CY969GyAZJQ.
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˙�HBq˙��U�f

G9QFOPvvvZG9EOX;TvvvvZ

hG9@RQTvZG9eQG4TvZG9QE@bG:vZ6vwG9KX9vrG9RX:vw
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|OLvvvvvv{

yvvtvvOEvvDvvzvvBSvvQfvv?!vv}vv(GyvvTvvwvv9fpvv,Gyvvgvv9DLvv;dGyvvgvvtvv(OGBvv}vvTvv?GC9\vv+vv?(1950vvvvv
2000)<vvAvv]vv9fvvrSvvwvv9!vv&,pvv(Yvv{fvvOO$vv~fvv9e1998E]svvQG<vv?5,93|vvz+9QpvvQO(1).

h<vvjvv̂
q

Gyvv"vvdvvQfvv#Gyvv"vvGvv9Ivv9JGyvv"vvTvv=vv+vv?GyvvAvv,;vvtvvtvvBpvv,<vvgvv̂GyvvOhdGyvv"vv9|vv+vv?<vvMvvqvv̂
|vvvgvvvO:J!vvv}vvv(GyvvvTvvvwvvv9fpvvv+vvv%vvv9,E:CfPQhIG:!vvvqvvvGvvv9QGyvvvTvvvwvvv9PSvvv(a@vvvAvvv~pvvv,Gyvvvgvvvtvvv(O
GyvvDvv;Cvv?G}h]|vv#GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#,EP@vvWvv+vvQGyvvAvv(svvgvv9JGyvv=vvgvv+vvOIGCOiyvvzvvTvvwvv9f
<vvzfSvvwvv9fvvv(vvv>G}QVSvv(a*vvTvvAvv}vvQhfpvv,GyvvR*vv9OILvv;dGyvvTvv"vv(GJGC8vv?Gyvvtvv9O|vv?
y+Zz(GE]|9<+#11vvvvv12|z+9QpQO(2).

$v"v9cVvx
q

<vTv+vbpv,CfG:!vqvGv9QGyvTvwv9PGCtv=v{Sv+v}vDv{CIvOC$v~Gyvgv}vz+9JGyvAv,
SvvAvv|CvvQ<vv(\vv(Mpvv,GAvv+vv9IGAvv9y+?hGCTvvAvvtvv=vvz+?yvv5!vvTvv9fh7vvOOGyvv=vv+vv8vv?Gyvvavv=vv+vvgvv+vv?,EP|vv#
Gyv(G\vKIv9y+9

k
CfCfvOGOG

k
vv=v+vQI|v#GyvTvwv9fCLvPJ@v]vjvbfv̂GC(GQOGyv=v+v8v+v?GCJvOhOI,

|vvv9COi,h*vvv|Oj,E]!vvv]vvv(6vvv9h<vvv9yvvvAvvv9[hFvvv(OYvvvgvvv(<vvv9Jpvvv,;vvvtvvv+vvvuQpvvv9$vvv+vvv?G !vvvTvvv9f
h<vMv9Yv?pv,GyvOhdGyv"v9|v+v?Gyvqvtv+vQI,GyvAv,hYvzvB<vgv̂vvDv9pv97v9GyvTvwv9!v+?E]|vTvAv(*v9J
fvv9y+?vvv}vv9pvv,<vv"vvjvv;OT(800/pvvQO/vvv~2).h|vv#GCAvv(svvh|vv]vv9fvvqvvAvv%vv9Lvv;dGyvvtvvQfGAvv9[
p,s9QGJBS+9hCpQ*t+9hOhdC|Q*w9Gy;@+"+?.

hIvvvAvvv)pvvv,GC"vvv9_vvvuPGJGyvvvwvvvDvvv9pvvv9JGyvvvTvvvwvvv9!vvv+?GC"vvvMvvvqvvv]vvv?vvvv=vvvgvvv̂OhdCpvvvQ*vvvtvvv+vvv9
GyvZvJvQGh*v?hC|vQ*vwv9Gyv;@v+"v+v?,pv{f|vgvO:JGyv"v}v(GyvTvQ*vgv?yvzvTvwv9fpv+v%v9Sv(a@vTv=v>
|vvgvv]vvzvv?vvv=vv+vvQIyvvgvv}vvz+?@vvavv(Q$vv9,!vvdvvQG

k
E]GIvvAvv+vv9Fvv97vv9G:SvvAvvDvv}vv9Q*vv?Gyvvwvv=vv+vvQIivv+vvQGCAvv(GpvvQI.

vvv}vv9Ef
v

;vvTvv_|vvTvvAvv(i|vvgvv+vvWvv?G}pvvQGO*vvAvvavvzvv>!vv}vv(G
k

SvvQ*vvgvv9
k
yvv;SvvAvvDvv}vv9QGJh<vvWvvwvv{Cvvv=vvQ

|vv#!vv}vv(GyvvTvvwvv9f!vvqvvTvv&,Gyvv(\vvhGyvvPj:*vv}vvwvv#GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?;vvtvv+vvtvv&.h$vv"vv9
@vwv}v#GCWvwvzv?G}Sv9Sv+v?pv,fvOe;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?yvTvwv9f$vPgGyvOhd.
pv,$vPGGyvqvZv{!vJv9hdfvQV|vqvZvv{

m
yvzv}vWvwvzv?GyvTvwv9!v+?pv,Gyvgv9DGyv"v9|v,vv(8v9GCJvOO

G}hdyvvgvv}vvz+?GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,|vvAvvGvv9$vvz+#$vvPGGC(\vv(Y<vv9yvv"vvTvv=vv?E]GyvvOhd

(1)United Nations (UN),World Population Prospects: The 1996 Revision (New York: UN, 1996).

(2)GCZOQ!qT&.
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GCAvvvavvv(QI,vvvv(8vvv9Ivvvz
q
vvvB$vvvPgGCWvvvwvvvzvvv?|vvv"vvvPChGSvvvbGyvvvtvvvQfGC9\vvv,,hIvvvtvvvtvvvBGyvvvAvvv"vvv}vvv+vvv?

GyRQGf+?GCTAOG|?y=zOG89hyj+Q$9|#GyOhdGAz+q?y%9.

Ch:
k

:GC(GQOGy=WQ*?Gyg9C+?

1vvvvvGy(\hGA9[yzTw9fp,Gyg9D
yvvtvvO<vvtvv+vvB|vvgvvO:J!vv}vv(GyvvTvvwvv9ffvv=vvQGyvvAvv9Q*vvNGyvv=vvWvvQjsvvQ*vv=vv?|vv#GyvvZvvqvvQ,<vv9yvvQivv~

|vv#CfGyvvTvvGvv;JGyvvAvv9QMvv+vv?ivv+vvQvvv9|vvzvv?h<vvgvv+vvOIfvv#GAvvtvv+vvtvv?!vvTvv=vv+vv9
k
.h*vvqvv+vvOGC|QLvv(fpvv,

$vvPGGBvvZvv(U<vvzfGyvvR*vv9OGJGyvvTvvwvv9!vv+?GAvvO*vvDvv?svvO<vvOCJ<vvavv+vv8vv?pvv,GyvvtvvQfGyvvDvv9|vv#fvvWvvQ
fvv#_vvQ*vvuLvvqvv̂|vvgvvO:JGyvv(pvv+vv9Jpvv,ChQh<vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?;pvvqvv,fvv9e1900D
*vvAvvGvv9hRSvvwvv9fGyvvgvv9D1,63|vvz+9QpvvQOYvv"qvvrCvvzvvDvv%vv~@vvtvvQ*vv=vv9

k
\vv}vv#|vvqvv%vv(eChGYvvavv;M

GyvvOhdGCAvvavv(QI(Developed Countries),hGyvvDvvzvvDvv9fG6LvvQGf\vv}vv#|vvqvv%vv(eChGYvvavv;M
GyvvOhdGyvv"vv9|vv+vv?(Developing Countries).hvvv}vv9$vv(|vv(\vvKpvv,G@vvOhdQsvv~(5vvvvv1),
Ivv+vvE!vvGvvOCf!vv}vv(GyvvTvvwvv9fsvvOCLvvPpvv,GyvvAvvRG*vvOGyvv(G\vvKpvv,GyvvOhdGyvv"vv9|vv+vv?|vvh<vvOG*vv?
Gyv"vZvrGyvDv9PyvzvtvQfGyvgvWvQ*v#,EPC\v+vrE]Hv}v(YSvwv9fGyvgv9D|v"vP?vTv+"+v9JGyvtvQf
GC9\vv,hIvvAvv)G6f,CvvvDvvQFvv9C\vv9pvv&GyvvAvv9Q*vvNGyvv=vvWvvQjsvv=vv{fvv9e1950.yvvtvvOhYvv{E]
GCz+9QG}hdyvvvzvvvTvvvwvvv9fpvvv,<vvvOG*vvv?GyvvvtvvvQfGyvvvAvvv9SvvvhfvvvWvvvQ,hC\vvv+vvvrGCz+9QGyvvvDvvv9P<vvvgvvvOsvvvQf
hfvvWvvQ*vv#fvv9|vv9

k
,hGCz+9QGyvvDvv9yvvE<vvgvvO33fvv9|vv9

k
,hGCz+9QGyvvQG<vvh<vvgvvO14fvv9|vv9

k
,hGCz+9Q

GB9|UC\+r<+#f9|,1974h1987CjL;d13f9|9

k
ptb

(3).

G@OhdQs~(5vvvvv1)
@a(QSw9fGyg9Dp,GytQfGygWQ*#(|z+9QpQO)

H}(f9JGyOhd@a(QSw9fGyg9Dp,G}f(Ge:GyR*9OI<+#<OG*?h89*?
GyqAQI(p,GC8?) 1900195019901998

GyOhdGy"9|+?1,071,684,084,75183

GyOhdGCAa(QI0,560,841,211,1840

Gyg9D1,632,525,305,93135

GCZvvvvvvOQGf:United Nations (UN),World Population Prospects: The 1996 Revision (New York: UN,

1996), and Thomas W. Merrick, «World Population in Transition,» Population Bulletin, vol. 41, no. 2

(April 1986).

(3)GCZOQ!qT&.
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2vvvvvGyA(sg9JGy=g+OIGCOiyTw9fGyg9D
@vvqvv+vvOGyvvOQGSvv9JGBvv9Yvv?pvv,G}|vv~GCAvvJvvOIhGyvv=vv"vvxGyvvOh[,<vvzfSvvwvv9fGCGvvAvv}vvh

GyvvOh[Svv(a*vvTvvAvv}vvQhfpvv,GyvvR*vv9OIGyvvwvv=vv+vvQILvv;dGyvvtvvQfG@vvO*vvO.h<vv+"vv}vv9@vv]vv+vvrR*vv9OI
GyvvvvvTvvvvvwvvvvv9fpvvvvv,GyvvvvvOhdGCAvvvvvavvvvv(QILvvvvv;dGyvvvvvqvvvvvAvvvvvQI1990vvvvv2100svvvvvQG<vvvvv?0,3|vvvvvz+9QpvvvvvQO
y+Zv=vJv(G1,5|vz+9Q,SvAv]v+vrR*v9OIGyvTvwv9fpv,GyvOhdGyv"v9|v+v?,Lv;dGyvqvAvQI!vqvTv%v9,

6,1|vvvz+9QpvvvQOy+Zvvv=vvvJvvv(G10,2|vvvz+9QpvvvQOpvvv,8vvv9*vvv?GyvvvqvvvAvvvQIGCPvvvv(QI.h<vvv9yvvvAvvv9[y+Zvvv=vvvK
Svwv9fGyvgv9DsvQG<v?11,7|vz+9QpvQOfv9e2100(G!vdvQG@vOhdQsv~(5vvvvv2)).IvAv)fv9e

2020Svv+vvZvv=vvKvvv{|vv#Svvwvv9fGyvvZvv_(1,5|vvz+9Q!vvTvv}vv?)hGyvv%vv"vvO(1,3|vvz+9Q!vvTvv}vv?)
hGyvvv=vvv9vvvvTvvvAvvv9fh<vvv"vvvjvvv;OThE!vvvOh!vvv+Tvvv+vvv9hGyvvv=vvvQGR*vvv{h!vvv+Gvvv+vvvQ*vvv9svvvQG<vvv?!vvvZvvvrSvvvwvvv9fGyvvvgvvv9D
hIvvO$vv9,fvv̂GyvvQivv~|vv#G!vvMvvqvv9V|vvgvvO:JGyvv"vv}vv(pvv,|vvgvvdvv}vv%vv9pvv,GyvvgvvtvvOG}Lvv+vvQ|vv#
GyvtvQfGC9\v,,h@v(svhG!vMvqv9\v%v9CvvDvQLv;dGyvqvAvQI2015vvvvv2020yvAvZv{E]Csv{|v#
hGIOp,GC8?@tQ*=9

k
,G@Oh:fQs}9(5vvvvv3h5vvvvv4)(4).

G@OhdQs~(5vvvvv2)
@(sg9J!}(Sw9fGyg9D<+#f9|,1990vvvvv2100

H}(f9JGyOhdGyTw9f(|z+9Q)GyR*9OIGCA(sg?<+#1900vvvvv
2100(p,GC8?) 199020252100

GyOhdGy"9|+?4,087,0710,20150

GyOhdGCAa(QI1,121,401,5024

Gyg9D5,308,4711,70121

GCZvvvvvvvvvvvvvvvOQ:Eduard Bos [et al.], World Population Projections 1992-93 Edition: Estimates and

Projections With Related Demographic Statistics (Washington, DC: World Bank; Baltimore, MD: John

Hopkins University Press, 1992).

h*vgv(OGyvTv=v>GyvQFv+vUpv,$vPGGyvAvtvzv[pv,|vgvO:JGyv"v}v(E]GyvDv(QIG:FvAv}v9fv+v?
GAvv9Yvvzvv?pvv,GyvvTvvzvv(cG !vvAvv9Fvv,yvvzvvqvvQOpvv,GyvvOhdGyvv"vv9|vv+vv?h<vvMvv9Yvv?GCAvvgvvzvv~,GyvvAvv,<vvOCJ
ChGFvv{GyvvTvvAvv+"+vv9J<vvJvv+vvESvv+"Mvvqvv̂|vvAvv(SvvbGyvv(:OGJyvvzvv}vvQCIE]Gyvv"vvZvvr@vvtvvQ*vv=vv9

k
<vv+#

fvvv9|vvv,1965h2020,CjE]Cvvv;Kh:OGJ@vvvtvvvQ*vvv=vvv9
k

,<vvvgvvvOCfvvvv9!vvvBCvvvvDvvvQ|vvv#6,5
h:OIsvv=vv{GyvvTvvAvv+"+vv9J.$vvPGhvvv9fG!vvMvvqvv9V|vvgvvOdG !vvGvv9HSvvQ*vvgvv9

k
pvv,vvv{|vv#Gyvvtvv9QI

G6S+(*?hC|Q*w9Gy;@+"+?,h<a+89
k

FOG
k
p,CpQ*t+9.

(4)David F. Nygaard, «World Population Projections, 2020,» (2020 Vision, Brief 5,

International Food Policy Research Institute (IFPRI), Washington, DC, October 1994).
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G@OhdQs~(5vvvvv3)
|gO:J!}(GyTw9fGCqAQ\?yA(sg9JG}|~GCAJOI

(G:IA}9dGCA(Sb)(p,GC8?)
G sz+~hGyOhy?1990vvvvv19952015vvvvv2020

Gyg9D1,681,13

GyOhdGCAa(QI0,540,30

GyOhdGy"9|+?2,011,30

CpQ*t+92,932,33

<zG+w90,13vvvvv0,12

Gy=QGR*{1,590,83

GyZ_1,310,55

Gy%"O1,910,98

!+G+Q*93,132,48

@"RG!+93,362,89

Gy(:*9JGCAJOIG}|Q*w+?1,030,58

GCZvvvvvvvvvvvvvvvOQ:David F. Nygaard, «World Population Projections, 2020,» (2020 Vision, Brief 5,

International Food Policy Research Institute (IFPRI), Washington, DC, October 1994).

|vvv#Fvvv%vvv?CLvvvQi,*vvvgvvvQVGyvvvWvvvwvvv{Qsvvv~(5vvvvv1)GyvvvAvvvJvvv(dGyvvvO*vvv}vvvjvvvQGpvvv,(|vvvgvvvOd
GC(Gy+Oh|vvvvgvvvvOdGyvvvv(pvvvv+vvvv9J)pvvvv,GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?Lvvvv;dGyvvvvqvvvvAvvvvQI1850vvvvv2000,h|vvvv"vvvv&
!;IePQhGJGy"}(GyTw9Ph@a(Q|gOdGy"}(p+%9.

GyWw{Qs~(5vvvvv1)
GyAJ(dGyO*}jQGp,p,GyOhdGy"9|+?

GCZvvvvvvvvvvvvvvvOQ:J. C. Bongaarts, «Demographic Transition,» in: Ruth A. Eblen and William R. Eblen,

eds., The Encyclopedia of the Environment (Boston, MA: Houghton Mifflin Co., 1994).
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h|vvv#GCAvvv(svvvhCf@vvvZvvv{PQhIGyvvv"vvv}vvv(GyvvvTvvvwvvv9Ppvvv,Csvvv9y+~GyvvvOhdGyvvv"vvv9|vvv+vvv?Lvvv;dGyvvvqvvvAvvvQI
1990vvvvv2025,Ivv+vvEGyvvR*vv9OGJGyvvTvvwvv9!vv+?pvv,Gyvvgvvtvv(OGyvvDvv;Cvv?GCPvvv(QI$vv,fvv̂GyvvAvv(G[:
933,921h900|z+(fpQO,h=+h$PgGyR*9OGJ@(FOp,GyOhdGy"9|+?yT==_:

vvvvv|vvgvvO:J!vv}vv(GyvvTvvwvv9fpvv,GyvvOhdGyvv"vv9|vv+vv?@vvgvv9OdCQ<vvgvv?C\vvgvv9a|vvgvvO:J!vv}vv(
GyTw9fChCvDQp,GyOhdGCAa(QI(G@Oh:fQs}9(5vvvvv3h5vvvvv4)).

vvvvvIG~GyTw9fp,GyOhdGy"9|+?Cv=Q<wD+QF9$(fz+&GA9dp,GyOhdGCAa(QI.

G@OhdQs~(5vvvvv4)
IG~GyTw9fh@tO*QGJ!}($~<JT>G}s9y+~Gy"9|+?

p,G}f(Ge1965,1998h2020

GC|VQGJGyTw9!+?hGyT"(GJH}(f9JG}s9y+~Gy"9|+?Gyg9DGy"9|,E=9[Gyg9D

CpQ*t+9BS+9C|Q*w9Gy;@+"+?

1vvvvvIG~GyTw9f(|z+(f)
19650,321,900,252,383,34

19980,783,590,504,755,93

20201,324,590,666,457,68

2vvvvv|gOdGy"}(GyT"(j(p,GC8?)
19652,62,32,72,42,0

19982,61,41,51,71,4

20202,10,91,01,21,0

3vvvvv|gOdG !G9H(h:OI/GCQCI)
19656,75,75,86,04,9

19985,32,72,73,12,8

20203,52,22,22,52,4

GCZvvvvvvvvvvvvvvvOQGf:UN, World Population Prospects: The 1996 Revision, and John Bongaarts and Judith

Bruce, «Population Growth and Policy Options in The Developing World,» (2020 Vision Brief, no. 53,

International Food Policy Research Institute (IFPRI), Washington, DC, October 1998).

3vvvvvGyAJ(dGyO*}jQGp,hIOOGJGy"}(GyTw9P
|v#GCgvQhaCfGyvR*v9OIGyvTvwv9!v+?;vOK<vTv=v>vv(fGyv(:OGJCvvDvQ|v#Gyv(pv+v9J;
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pvvqvv,<vvOG*vv?GyvvAvvTvvgvv+"+vv9J|vv#GyvvtvvQfGC9\vv,vvv9!vvBGyvvR*vv9OIGyvvgvv9C+vv?GCavvzvvtvv?yvvzvvTvvwvv9f93
|vvz+(fpvvQOvvv{fvv9e@vvtvvQ*vv=vv9

k
,h$vv,GyvvqvvQb<vv+#Gyvv(:OGJ(144|vvz+(fpvvQO)hGyvv(pvv+vv9J

(51|vz+(!v9
k
).h<vWvwv{|vWv9<v&*vTv9hj|vgvOdGyv(:OGJ(26<v9}yvr/GyvTv"v?)|vavQhIv9

k
|v"v&

|vvgvvOdGyvv(pvv+vv9J(9<vv9}yvvr/GyvvTvv"vv?).fvv̂GCTvvAvv(iG svvz+}vv,*vvAvvzCvvQ|vvgvvOd!vv}vv(GyvvTvvwvv9f
fv9OI<vJvGv~Gyv%vGvQIGyvAv,*v}vwv#EGv9yv%v9yv]vgvr@vzCv+vQ$v9fv"vOEFvQGAGyvAvJvz+;JGBv9Yv?
<9yA(sg9JGyTw9!+?.

yvvvvtvvvvOGSvvvvAvvvvMvvvvOeGyvvvvO*vvvv}vvvvjvvvvQGpvvvv+vvvv(fGYvvvvavvvv;MGyvvvvAvvvvJvvvv(dGyvvvvO*vvvv}vvvvjvvvvQGpvvvv,(Demographic

Transition)y+Wvv+vvQhGE]GyvvAvvjvv+vvQGJGyvv(GSvvgvv?pvv,GyvvTvvwvv9f,h<vvMvv9Yvv?pvv,!vvdvv~Gyvv(:OGJ
hGyv(pv+v9JGCQGpvtv?fv9OIyvzvAvav(QGJGyvTvwv9!v+?|v#<vOG*v97v9GyvAvtvz+O*v?GyvRQGfv+v?hIvAv)Yv(Q
HvvAvv}vvgvv97vv9GyvvZvv"vv9fvv+vv?GAvv]vvQ*vv?GAvv9y+?.pvv,$vvPGGBvvZvv(UsvvTqvv~Gyvvgvv9DFvv(f<vv(!vvjvv9Q@vvU

(John Bongaarts)f9e1994GyAJ(:JGyO*}jQGp+?Gyg9C+?E]?U|QGI{$,:

Cvvvvv|QIz?s={GyAJ(d
I+E|gOdGy(:OGJhGy(p+9J|Q@qhh<9yA9[|gOd!}(GyTw9f*t9QHGyZqQ.

Hvvvvv|QIz?GyAJ(dGC=wQI

Ivvv+vvvE*vvvAvvv"vvv9svvv[|vvvgvvvOdGyvvv(pvvv+vvv9J!vvvAvvv+vvvGvvv?;vvvTvvv#GyvvvdvvvQhaGCgvvv+vvvWvvv+vvv?hGyvvvZvvvJvvv+vvv?
hGyAjPh*?,|h<t9A|gO:JG !G9H|Q@qg?,h<9yA9[*AT9QYGy"}(GyTw9P.

Lvvvvv|QIz?GyAJ(dGy(Sa)

hpvv+vv%vv9@vvAvv"vv9svv[Gyvvtvv+vv}vv?G:FvvAvv}vv9fvv+vv?hG:svvAvvZvv9O*vv?yvvzvvavvqvv{pvv+vv=vvOCGyvvRhFvv9f(G}SvvQI)
<vvAvv=vv"vv,IvvGvv~G}SvvQIGyvvZvvjvv+vvQI.h*vvtvv(OPyvvxE]Lvvqvv̂|vvgvvOdGyvv(:OGJ,|vvhGSvvAvv}vvQGQ
Lq^|gOdGy(p+9Jh<9yA9[@Z{|gO:JGy"}(GyTw9PE]PQh79.

Ovvvvv|QIz?GyAJ(dGCAzLQI

hpvvv+vvv%vvv9*vvv"vvvMvvvqvvv̂|vvvgvvvOdGyvvv(pvvv+vvv9JE]IvvvOhOgGyvvvO!vvv+9|vvvh@vvv"vvv9svvv[|vvvgvvvOdG !vvvGvvv9H
(Gy(:OGJ)<J+E*=t)|gOd!}(GyTw9f|(F=9

k
.

$vvvvvvv|QIz?GyAJ(dGCAtO|?

Ivvv+vvvE;vvvOKGCgvvv9Oyvvv?G@vvvO*vvvOI<vvv+#Gyvvv(:OGJhGyvvv(pvvv+vvv9JhGCAvvv}vvvDvvvzvvv?<vvv}vvvgvvvOd!vvv}vvv(
Sw9PsQ*>|#GyZqQp,IG~GyTw9f.

hLvv(j$vvPGGyvv(YvvrGyvvAvvqvvZvv+vv\yvvzvvAvvJvv(dGyvvO*vv}vvjvvQGpvv,@vv=vv9*vv"vv9JhGSvvgvv?pvv,Gyvv"vvdvv~
GAvvvtvvv+vvvtvvv+vvv?yvvvzvvvAvvvjvvv+vvvQGJfvvv=vvvQGyvvvR|vvv#;pvvvAvvv(svvv+vvvBGyvvvAvvvJvvv(:JhpvvvAvvvQG7vvv9GCMvvvAvvvzvvvqvvv?h|vvvTvvvAvvv(*vvv9J
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|vvvgvvvO:JGyvvv(:OGJ,<vvvAvvvzvvvr<vvv+#G}svvv9y+~Gyvvvgvvv9C+vvv?,hvvvvPyvvvx<vvvAvvvzvvvr<vvv+#OhdG svvvz+~
Gyvv(GIvvO.yvvtvvO<vvOCGyvvAvvJvv(dGyvvO*vv}vvjvvQGpvv,pvv,GyvvOhdGCAvvavv(QIpvv,Gyvv"vvZvvrGyvvDvv9P|vv#GyvvtvvQf
GyvvvAvvv9SvvvhfvvvWvvvQh<vvvOG*vvv?GyvvvtvvvQfGyvvvgvvvWvvvQ*vvv#.hsvvvOhYvvvzvvvB$vvvPgGyvvvOhdG6fE]GCQIvvvzvvvAvvv_
G}Lv+vQ@v+#yvzvAvJv(dGyvO*v}vjvQGpv,,EP:*vR*vOpv+v%v9|vgvOdGyv"v}v(GyvTvwv9Pfv#0,5pv,GC8v?
Svv"vv(*vv9

k
,vvv}vv9G!vvMvvqvv̂$vvPGGCgvvOdpvv,<vvgvv]vv%vv9|vvDvv{CC9!vv+9hGyvvTvv(*vvOhGCGvvQ,E]Csvv{|vv#

PyxvD+QG
k

ChGLQGyD}9!+"+9J.

C|vv9GyvvAvvJvv(dGyvvO*vv}vvjvvQGpvv,pvv,GyvvOhdGyvv"vv9|vv+vv?(CpvvQ*vvtvv+vv9hBSvv+vv9hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?)pvvtvvO
<vOC|vAvzLvQG

k
FvOG

k
fv"v&pv,GyvOhdGCAvtvO|v?(GyvZv"v9fv+v?),EPD*v;IveG:!vMvqv9Vpv,|vgvOd

Gyvv(:OGJE:pvv,8vv9*vv?GyvvtvvQfGyvvAvv9SvvhfvvWvvQhGyvv"vvZvvrG}hd|vv#GyvvtvvQfGyvvgvvWvvQ*vv#;pvvtvvO
IvvvZvvvOJG FvvvQGAGJGyvvvZvvvJvvv+vvv?Gyvvvgvvv9|vvv?PGJGCTvvvAvvv(iGC"vvvMvvvqvvv̂vvvvDvvv+vvvQG

k
|vvv#Gyvvv(:OGJ

h<vvvMvvv9Yvvv?pvvv,Svvv"vvv(GJGAvvvQHGyvvvgvvv9C+vvv?GyvvvDvvv9!vvv+?.h|vvvh8vvv9*vvv?GyvvvTvvvAvvv+"+vvv9JG!vvvMvvvqvvv̂|vvvgvvvOd
Gyvv(pvv+vv9Jy+Zvv=vvK15pvv,G}yvvr/pvv,GyvvTvv"vv?.h|vvh<vvtvv9A|vvgvvOdGyvv(:OGJ|vvQ@vvqvvgvv9

k
(40pvv,

G}yvr/GyvTv"v?)@v=vzv(Q|vgvOd!v}v(Svwv9PsvOQg25pv,G}yvrCh2,5pv,GC8v?.yvtvOpv9svB
|vvgvvO:JGyvv"vv}vv(Gyvvavv=vv+vvgvv+vv?$vvPg@vvzvvxGyvvR*vv9OGJGyvvAvv9QMvv+vv?GCTvvGvvzvv?pvv,GyvvAvv9Q*vvNG}hQhNpvv,
|vQIvzv?GyvAvJv(dGyv(Svav),h*vgv(OG:LvAv;aFvRFv+v9

k
E]GCTvAv(*v9JGCQ@vqvgv?yvzvMvZv(<v?pv,

GyvOhdGyv"v9|v+v?.h|v"vPChGLvQGyvTvAv+"+v9JCLvPJ|vgvO:JGyv(:OI<v9:!vMvqv9VGyvTvQ*vhpv,
$vPgGyvOhd|v9fvOGGyvOhdG}pvQ*vtv+v?GyvZvJvQGh*v?.hEvDv{G:!vMvqv9VG}vv=vQpv,OhdVvQb
hFvv"vv(HBSvv+vv9,Ivv+vvESvv9QJGyvvAvv"vv}vv+vv?G:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?h<vvQG|vvH@vv"vvdvv+vv~G}SvvQI
<TQf?v=+QI,hCOqJE]@j+QGJSQ*g?p,GyTz(cG !A9F,y~pQGO.

h!vvAvv+vvGvv?@vv=vv9*vv"vv9JGyvvR|vv#hSvvQfvv?Lvvqvv̂!vvTvv>Gyvv(:OGJhGyvv(pvv+vv9J,@vv=vv9*vv"vvBC*vv]vv9
k

|vvQGIvv{GyvvAvvJvv(dpvv,GyvvOhdGyvv"vv9|vv+vv?.pvv=vv9yvvQivv~|vv#GBvv=vvQGJG@vv+vvOIGyvvAvv,@vv(GpvvQJyvvOi
GyvgvO*vO|v#GyvOhdG}pvQ*vtv+v?pv,Lvqv̂|vgvO:JG !vGv9H,E:C8v9|v9RGyvBpv,|vQIvzv?
GyvvAvvJvv(dGC=vvwvvQI;pvv,Ivv_Cvvv}vvzvvB<vvgvv̂GyvvOhd|vvDvv{$vv(!vvkvvv(!vvkhSvv"vvjvv9pvv(QI|vvQIvvzvv?
GyvvAvvJvv(d.fvv}vv(|vv9

k
@vvtvvh|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?G6f<vv}vv9pvv+vv%vv9GyvvOhdGyvvgvvQ<vv+?pvv,GCQIvvzvvAvv_

GCA(Sa?hG}L+QIyg}z+?GyAJ(d.

h@vv|OjIvvOOGJGyvv"vv}vv(GyvvTvvwvv9POhQG
k

CSvv9Svv+vv9
k
pvv,fvv}vvz+?GyvvAvvJvv(dGyvvO*vv}vvjvvQGpvv,|vv#

Fvvv%vvv?,hpvvv,fvvv}vvvz+?EFvvvQGAGyvvvAvvv(svvvgvvv9J,ChG Svvvtvvv9_vvv9JGyvvvTvvvwvvv9!vvv+?GCTvvvAvvvtvvv=vvvz+?|vvv#Fvvv%vvv?
CLvvQi,pvvtvvOCfvvO

q
J|vvgvvdvv~G:pvvAvvQG\vv9JGyvvgvv9|vv?yvvAvv(svvgvv9JGyvvTvvwvv9f,GBvv9Yvv?<vvOQGSvv9J

G}|vv~GCAvvJvvOIhpvvtvv9
k

C=vvOEGyvvOhdG pvvQGOjhC=vvOEGyvvAvvJvv(dGyvvO*vv}vvjvvQGpvv,GyvvTvv9<vvu,Ivv+vvE
GSvvvAvvvMvvvO|vvvBCSvvv9y+>hEFvvvQGAGJ|vvvAvvv=vvv9*vvv"vvv?AvvvTvvv9H@vvv(svvvgvvv9JGyvvvTvvvwvvv9fGCTvvvAvvvtvvv=vvvz+?.h|vvv#
Gyv]vQhQI<v}vwv9f|vgvQpv?GyvTvzvTvzv?GyvAv,@vQ<vb|vgvO:JGyv"v}v(GyvTvwv9P<v9yvtvQGQGJGyv"v9FvJv?
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GBv9Yv?<v9yvAv"v}v+v?G:svAvZv9O*v?hG:FvAv}v9fv+v?hGyv=vQG|vHGyvZvJv+v?h<vQG|vH@v"vdv+v~G}SvQI,vv}v9
$(|(\Kp,GyWw{Qs~(5vvvvv2).

@vvAvv}vvDvv{GBvvavv(IG}h]pvv,$vvPgGyvvTvvzvvTvv?pvv,;vvz+{Hvv}vv(fvv?Gyvvgvv;svv9JGyvvAvv,@vvPvvvQ!vv9
<vvzf|vvgvvOd!vv}vv(GyvvTvvwvv9f*vvTvv9hj|vvgvvOdGyvv(:OGJGyvvPj*vvTvv9hjfvvOOh:OGJGCQCIpvv,
8vv9*vv?fvv}vvQ$vv9G !vvAvv9Fvv,|vvavvQhIvv9

k
|vv"vv&|vvgvvOdGyvv(pvv+vv9J.h*vvzvvgvv>fvv9OIGyvv%vv+vvwvv{Gyvvgvv}vvQj

yvvzvvTvvwvv9fOhQG
k

|vv%vv}vv9
k
pvv,@vvtvvQ*vvQ|vvgvvO:JGyvv(:OGJhGyvv(pvv+vv9J,h<vv9yvvAvv9[Gyvv"vv}vv(GyvvTvvwvv9P.

yvvPyvvx:<vvO|vv#|vvQGfvv9I;vv(:7vv9fvv=vvQGyvvR|vv#yvvzvvJvvZvv(dfvv̂@vv(svvgvv9JSvvz+}vv?yvvzvvTvvwvv9f,
h<v9yvAv9[$v"v9cIv9Fv?|v9Sv? FvQGAIvTv9<v9J|vgvtvOI!vTv=v+v9

k
yvAvJvtv+vu$vPGGyv%vOa.Cj:<vO

|v#GSvAvMvOGeGAv9Sv=v9JG yvwvAvQh!v+?.h@vgvAv=vQHv}v(fv?Gyvgv(G|v{G:svAvZv9O*v?vvvvvG:FvAv}v9fv+v?
h<vvQG|vvH@vv"vvdvv+vv~G}SvvQIGCtvvQxQG}Lvv+vvQyvvzvv"vv}vv(GyvvTvvwvv9P,hPyvvx<vv{IvvOGKGyvvAvvjvv+vvQGJpvv,
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yvzvRQGfv?,h61pv,GC8v?|v"v%v9fv9y+?G@vqv9a,h8pv,GC8v?|v"v%v9pvtvbPGJ<v+8v?<v9QOI.|v#
G}QG\vv,GC;Fvv}vv?yvvzvvRQGfvv?(30pvv,GC8vv?)$vv"vv9c(13pvv,GC8vv?)CQGV

m
Fvv9pvv?|vvh|vv(Svv~

!v}v(|vAv(Svb*vtv{fv#75*v(|v9
k

;h(5pv,GC8v?)CQGV
m

!vZvrQ_v=v?|vh|v(Sv~!v}v(CvvDvQ
|vvvv#180*vvvv(|vvvv9

k
.h@vvvvgvvvvAvvvv=vvvvQ=vvvv+vvvvhG}QG\vvvv,GyvvvvgvvvvQ<vvvv+?Gyvvvvtvvvv9<vvvvzvvvv?yvvvvzvvvvRQGfvvvv?PGJ!vvvv}vvvvb<vvvv+8vvvv,

|vvAvv(Svvavv,,Cj@vvAvvTvv~<vv9yvvQ_vv(<vv?!vvZvvrG@vv9pvv?,h|vvgvvOd|vvavvQjSvv"vv(j*vvtvvh<vv+#200vvvvv
600|v~.C|v9G}QG\v,GBvZv=v?pv%v,IvOhOI,pv,Iv_Cf$v"v9c30pv,GC8v?|v#GyvAvQH
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:@vvv(FvvvOpvvv+vvv%vvv9IvvvOOGJRQGfvvv+vvv?.C|vvv9<vvvtvvv+vvv?GyvvvAvvvQHpvvv%vvv,SvvvavvvJvvv+vvv?FvvvOG
k

hQ|vvvz+?,h@vvvAvvvTvvv~
<vvvv(Fvvvv(OIvvvvOOGJyvvvvRQGfvvvvAvvvv%vvvv9vvvvv(8vvvv9vvvvvzvvvvTvvvv+vvvv?G}Yvvvv{ChGC"vvvvWvvvvz.|vvvv#Fvvvv%vvvv?CLvvvvQi*vvvv|CvvvvQ
G:!vGvQGaGyvQLv,pv,75pv,GC8v?|v#G}QG\v,pv,GC"vavtv?GyvgvQ<v+?,E\v9pv?E]@vzCvQ17
pvv,GC8vv?|vv"vv%vv9<vv9:!vvGvvQGaGC9Fvv,.h|vv#GCJvvAvv}vv{Cf*vvtvv(O@vvO$vv(QG}QG\vv,E]@vvZvvJvvQ$vv9,
fvvzvv}vv9

k
Cf=vv+vvhG}QG\vv,@vvAvvZvvr<vv]vvgvvrG !vvAvv9Fvv+vv?,h$vvPgvvvzvv%vv9fvv(G|vv{@vvgvv(bfvv}vvz+?

GyA"}+?GyRQGf+?GCTAOG|?p,GC"at?GygQ<+?.

h@vvvgvvvAvvv=vvvQfvvv}vvvz+?GCJvvv9pvvvdvvv?fvvv̂G}QG\vvv,GyvvvgvvvQ<vvv+?h@vvvavvv(*vvvQ$vvv9vvvv}vvv(QOIvvvOhO6vvvOa
GyvvvRQGfvvv?,|vvv#G}|vvv(QG yvvvRG|vvv+vvv?h<vvvMvvv9Yvvv?EPGQivvv=vvvB$vvvPgGyvvvOhdpvvv,|vvv(GFvvv%vvv?;vvvO*vvv9J
Gyv"v}v(GyvTvwv9PGyvTvQ*vhh@vz|v_GyvjvPGAyvzvTvwv9f,!vdvQG

k
E]CfCvzvE$vPgG}QG\v,*vTvAvMvOe

yvzvRQGfv?pvtvb,vv}v9<v+"qv9B!vqv9
k

,|vhGCtv9Q!v?<v9yvDvzvDv_|v#G}QG\v,Gyv(GSvgv?G:!vAvWv9QhGyv=v9yvjv?
(1402)CyrhCQ<g}9F?h|z+(P$wA9Q,CjfWQ|T9I?G}QV@tQ*=9

k
.

fvv̂|vvTvvAvv(iGyvv(_vv#GyvvgvvQN@vvgvv9OdJvvZvvZvv9JGyvvqvvQOGyvvgvvQN|vv#G}QG\vv,GyvvRQGfvv+vv?
JvvZvvZvv9JGyvvqvvQOGyvvgvv9C,Cj0,25$vvwvvAvv9Qyvvgvv9e1998.h<vv+"vv}vv9*vvQ@vvqvvh$vvPGGCgvvOdy+Zvv{
E]0,58$vvvwvvvAvvv9Qpvvv,GyvvvTvvv(OGf;h0,32$vvvwvvvAvvv9Qpvvv,@vvv(!vvvU;h0,29$vvvwvvvAvvv9Qpvvv,y+=vvv+vvv9;
h0,35$vwvAv9Qpv,Sv(Q*v9,pv{!v&*v"vMvqv̂vvDv+vQG

k
pv,OhdGBvz+HGyvgvQNy+Zv{E]0,01vvvvv

0,08$vvwvvAvv9Q<vv9SvvAvvDvv"vv9AGyvvTvvgvv(O*vv?.h@vvtvvh|vvZvvQ\vv}vv#|vvOiOhdGBvvz+HGyvvgvvQNhPyvvx
yv]v5yv?CQG\v+v%v9GyvRQGfv+v?|vtv9Q!v?<vTvwv98v9.C|v9<vtv+v?GyvOhdGyvgvQ<v+?pvAvtvhJvZvZv9JCpvQGO$v9
|#G}QG\,GyRQGf+?<+#0,09vvvvv0,28$wA9QyzqQO(13).

hpvvv,Ivvv9d<vvvtvvv9AG}QG\vvv,GyvvvRQGfvvv+vvv?fvvv̂Ivvv9yvvv%vvv9|vvv#Ohf@vvvavvv(*vvvQ,h|vvvhE|vvvwvvv9!vvv+?
|v]v9fvqv?Svwv9fGyv(_v#GyvgvQNIvAv)fv9e2025,pv;<vOCf@v"vMvqv̂$vPgGCMvZvZv9J
E]Gyvvv"vvvZvvvr.EPEf

v
Oh:

k
vvvvDvvv+vvvQI|vvv"vvv%vvv9SvvvAvvvZvvv=vvvK|vvv#Gyvvv=vvvzvvvOGfPGJGyvvv"vvvOQIpvvv,G}QG\vvv,

GyvvvRQGfvvv+vvv?,h<vvvMvvv9Yvvv?OhdGBvvvz+HGyvvvgvvvQNG6!vvvqvvv?GyvvvPvvvvQ,E\vvv9pvvv?E]pvvvzvvvTvvvavvv_h|vvvZvvvQ
hG}QOfhGyvvZvv(|vv9dhyvv=vv"vv9f,h<vv9yvvAvv9[@vvZvv=vvK|vvgvvdvv~$vvPgGyvvOhdivv+vvQsvv9OQIfvv̂@vvz|vv_
ivvPGFvv%vv9(<vv9SvvAvvDvv"vv9AOhdGBvvz+HGyvvgvvQNGCTvvAvv(QOIyvvzvvjvvPGA<vvz|vv(GdGyvv"vvqvvb),h<vv9yvvAvv9[ivv+vvQ
s9OQIf^;t+uGyA"}+?GyRQGf+?GCTAOG|?.

pvv,Gyvv(Gsvvh:*vv}vvwvv#Gyvv=vvzvvOGfGyvvgvvQ<vv+?G:fvvAvv}vv9Ofvv̂Cj@vv(Svvhvvv=vv+vvQpvv,G}QG\vv,
GyvvRQGfvv+vv?6vvOaR*vv9OI@vv(pvv+vvQGyvvjvvPGA,fvvzvv}vv9

k
CfG}QG\vv,Gyvvtvv9<vvzvv?yvvzvvRQGfvv?GAvv9y+?Evv+vv{E]

GyvvAvv"vv9svv[,!vvdvvQG
k

E]fvv(G|vv{fvvO*vvOIpvv,|vvtvvO|vvAvv%vv9GyvvAvvJvv]vvQhGyvvAvv(SvvhGyvvgvv}vvQGP,hEvvzvvK

(13)GC"d}?GygQ<+?yzA"}+?GyRQGf+?,GywA9HGyT"(jy5IZ9AGJGyRQGf+?:GCGzO19.
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GyvAvQHhGyvRQGfv?GAvO*vDv?GCwvDvqv?,EP*vAv"v9sv[|vgvOd|v9*vgv(OyvzvqvQO|v#G}QVGCRQhfv?
<9SA}QGQ(0,13$wA9Qf9e2000<gOCfv9f0,24$wA9Qf9e1950).

hvvv}vv9PvvvQSvv9<vvtvv9
k
*vvgvvAvv=vvQGC9AGC(QOG}Svv9Svv,GCJvvOOAvv+vv9IG !vvTvv9fh;vv(*vv{GC(GQO

Gyvav=v+vgv+v?G}LvQiE]|v"vAvGv9JGsvAvZv9O*v?.h@vAvqv9sv~!vOQIGC+v9gpv,GC"vavtv?GyvgvQ<v+?|vh!v}v(
GCGvvAvv}vvgvv9JGyvvTvvwvv9!vv+?hGAvv+vv(G!vv+?,hPyvvx<vv{RGyvv?Gyvvjvvavv9AGyvv"vv=vv9Ofvv#G}QG\vv,Gyvv]vvgvv+vvqvv?
(GCAvvO$vv(QI),hG:IvvAvv+vv9Fvv9JGC"vv9pvvTvv?vvv9yvvTvv+vv9Ivv?fvv̂Svv9Ivv{Gyvv=vvJvvQG}<vv+^GCAvv(Svvb.
h*vvvgvvvAvvv=vvvQ!vvvtvvv[|vvv(QOGC+vvv9gpvvv,GyvvvgvvvO*vvvO|vvv#Gyvvv=vvvzvvvOGfGyvvvgvvvQ<vvv+?,Gyvvvgvvv9|vvv{GCJvvvOOG}vvvv=vvvQ
yvzvRQGfv?,h<v9yvAv9[yvAvJvtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?h@vav(*vQGyvQ*vr.h@vAv}vDv{GyvAvJvO*v9J
G}Svv9Svv+vv?Cgvv9@vv?!vvOQIGC(QOGC9Fvv,pvv,GC"vvavvtvv?GyvvgvvQ<vv+?pvv,?vvTvv?Hvv9:J$vv,:|vv(svvh
GC+vvv9gh@vvv(Rfvvv%vvv9;\vvv+vvv9YGC+vvv9ghvvvv+vvvqvvv+vvv?GCJvvv9pvvvdvvv?fvvvz+%vvv9;CSvvvgvvv9QGC+vvv9g;!vvvdvvv~G QVvvv9O
GyvvvvRQGfvvvv,hGCWvvvv(QGJGyvvvvqvvvv;Ivvvv+vvvv?hGyvvvvZvvvvObGyvvvvTvvvv+vvvv9Svvvv,;hCLvvvv+vvvvQG

k
GCgvvvvzvvvv(|vvvv9JG OGQ*vvvv?

hGyAt"+9JGyRQGf+?.

E\vv9pvv?E]GSvvAvv"vvRGa|vv(QOG}QVpvv,Gyvv(_vv#GyvvgvvQN,pvv{f|vv(QOGC+vv9g*vvTvvAvvMvvOe
h*vTvAv"vRa<vWvwv{|vAvRG*vOC*v]v9

k
6vOa|v(GFv%v?!v(fv_|v#GyvAvJvO*v9JGv9:Gyv"v}v(GyvTvwv9P

GCAvvRG*vvO,hsvvzvv?Gyvvgvv9FvvOGJ|vv#GCWvv9Q*vvhGyvvRQGfvv+vv?Gyvvtvv9Fvv}vv?fvv̂G}|vvavv9Q.h|vv#GCgvvQhaCf
@vO$v(QG}QG\v,*vROGO<v9RO*v9OGyvAvgvO*v9Jfv̂G}QG\v,Gyv%v9|vWv+v?(GAvO*v?),h!vOQIGC+v9g
hIvvvOhO*vvv?Lvvv+vvv9QGJG !vvvqvvv9b(ivvv+vvvQGCwvvvzvvvr)yvvvzvvv}vvv(QOG}Q\vvv,h|vvv(QOGC+vvv9g,fvvvzvvv}vvv9

k
Cf

GCTvv9Ivv?GCQh*vv?@vvgvv9Od19,3pvv,GC8vv?|vv#=vvzvv?G}QG\vv,Gyvvtvv9<vvzvv?yvvzvvRQGfvv?.$vvPGh*vv=vv9yvvk
GyvvgvvO*vvO|vv#GyvvOhdGyvvgvvQ<vv+?pvv,GSvvAvv"vvRGaGC+vv9gh<vvMvv9Yvv?G@vv(pvv+vv?pvv,GyvvQj,h<vv9yvvPGJpvv,
<zOGfGCWQbGygQNhV=&G@R*QIGygQ<+?.

hfvv̂GyvvQivv~|vv#@vvRG*vvOE!vvAvv9LGyvvjvvPGApvv,GC"vvavvtvv?GyvvgvvQ<vv+?Gyvv(GQO|vv#R*vv9OIG !vvAvv9Fvv+vv?
pvv,hIvvOIGCTvv9Ivv?,E:CfEOGQIGC(GQOG}Q\vv+vv?pvv+vv%vv9@vv(GFvv&;vvO*vv9Jpvv,?vvTvv?Hvv9:J
$vv,:@vvZvv"vv+vvrG}QG\vv,;@vvtvv+vv+vv~G}QG\vv,;<vvavv+vvb@vv"vv}vv+vv?G}QG\vv,;@vv"vv(*vvhGSvvAvvMvvOGe
G}QG\,;h|QGs=?!(f+?G}QG\,.

|vv#Fvv%vv?CLvvQi@vvAvvqvv9hJGCGvvAvv}vvgvv9JGyvv=vvWvvQ*vv?pvv,Gyvv(_vv#GyvvgvvQNpvv,fvv}vvz+?GyvvAvvavv(Q
G:svvAvvZvv9OjG:FvvAvv}vv9fvv,,EP*vvZvv{|vvgvvOdGyvvAvvJvv]vvQpvv,<vvgvv]vv%vv9E]CvvvDvvQ|vv#50vvvvv80pvv,
GC8v?,pv,Iv_:*vR*vO$vPGGCgvOdpv,<vgv]v%v9G6LvQfv#30pv,GC8v?,|vhGyvgvzv~<vzfCvvDvQ
|vvv#40pvvv,GC8vvv?|vvv#G}QG\vvv,GCQh*vvv?,h70vvvvv85pvvv,GC8vvv?|vvv#G}QG\vvv,GCavvvQ*vvv?,h85
pv,GC8v?|v#CQG\v,GCQGfv,,|vAvzCvQI<v9yvAvZvJvQ<vOQFv9J|vAvqv9h@v?,h$vPgvvzv%v9fv(G|v{@vgv+vu
f}z+?;t+uGyA"}+?GyRQGf+?GCTAOG|?p+%9,EfD@(\hG FQGAGJGC"9S=?yg;F%9.
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Ivvv9y+9
k

,hvvvv}vvv9!vvvgvvvzvvv~,@vvvgvvvAvvv=vvvQGC"vvvavvvtvvv?GyvvvgvvvQ<vvv+?|vvv#CvvvvDvvvQ|vvv"vvv9_vvvuGyvvvgvvv9DfvvvGvvvRG
k

pvvv,
GyvvvvjvvvvPGA,<vvvvTvvvv=vvvv>Gyvvvv"vvvv}vvvv(GyvvvvTvvvvQ*vvvvhyvvvvzvvvvTvvvvwvvvv9fpvvvv+vvvv%vvvv9hGQ@vvvvqvvvv9Y|vvvvTvvvvAvvvv(iOLvvvv(dSvvvvwvvvv98vvvv9
h;vv]vvQ$vv~,h\vvgvvrG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?pvv,|vvgvvdvv~Ohyvv%vv9|vvtvv9Q!vv?<vvtvvOQGJCQG\vv+vv%vv9
Gyvwv9|v"v?.|v#Fv%v?CLvQi,@vTvAvMvOeGC"vavtv?GyvgvQ<v+?@vtv"v+v9JRQGfv+v?|vgv+"?6vOa;vtv+vu
GyvvvRQGfvvv?GCwvvvDvvvqvvv?pvvv,GC"vvv9_vvvuGCgvvvAvvvOyvvv?,Ivvv+vvvEGyvvvAvvvjvvv+vvvQGJGyvvv=vvv+vvv8vvv+vvv?|vvvQ!vvv?pvvv+vvv%vvv9.h*vvvQi
G:LvAvZv9Yv+v(fpv,$vPGGCGv9d\vQhQI@vqvJv[$vPgGyvAvtv"v+v9Jh@vwv+v+vqv%v9vv,@vAv"v9Sv>
hGyvAvtvzv=v9JGyv=v+v8v+v?hIvOhO*v?GC(GQOpv,GC"v9_vuG@v9pv?.h*vgv(OSv=v>fvOevvqv9*v?|v(GQO
GC+vvv9ghG}QVhG OGQIGyvvv=vvv+vvv8vvv+vvv?Gyvvv]vvvgvvv+vvvqvvv?yvvv%vvv}vvv9,E]fvvvOe@vvv(GpvvvQ!vvvdvvv9eGCgvvvzvvv(|vvv9J
G OGQjGC"vvvvv9Svvvvv>(Management Information System (MIS))yvvvvvzvvvvvRQGfvvvvv?pvvvvv,G}QG\vvvvv,
G@vvvv9pvvvv?,EPKvvvv>@vvvvavvvv(*vvvvQ|vvvvDvvvv{!vvvvdvvvv9evvvvv%vvvvPGGfvvvvAvvvv}vvvv9OG

k
fvvvv̂!vvvvdvvvv~GCgvvvvzvvvv(|vvvv9JG@vvvvjvvvvQGpvvvv+vvvv?

(Geographical Information System (GIS))hpvvtvv9
k
yvv;LvvAvv;pvv9JGyvv=vv+vv(FvvjvvQGpvv+vv?.hKvv>Cf

@vvWvv}vv{$vvPgGyvv"vvdvv~GCgvvzvv(|vv9JGyvvAvvavv=vv+vvtvv+vv?:GC(GQOGyvvavv=vv+vvgvv+vv?GCJvvz+?hGyvv=vv+vv8vv+vv?;hfvv}vvz+9J
G OGQIGCRQfvvvv+vvvv?GCJvvvvz+?;hGyvvvvAvvvvzCvvvv+vvvvQGJGCJvvvvz+?yvvvvzvvvvTvvvv+vvvv9Svvvv9JGyvvvvAvvvvGvvvv9Q*vvvv?hGyvvvvRQGfvvvv+vvvv?pvvvv,
G !A9F+?.

<vvWvvwvv{fvv9e@vvTvv9$vv~GyvvRQGfvv?GCQh*vv?GyvvgvvQ<vv+?<vvvvv50vvvvv60pvv,GC8vv?|vv#G !vvAvv9L,
E:CfGyvvvQjivvv+vvvQGyvvvwvvv9pvvv,svvvO*vvvTvvv=vvv>SvvvzvvvTvvvzvvv?|vvv#GyvvvAvvvjvvv+vvvQGJhGCWvvv9vvvv{GBvvv9Yvvv?pvvv,
GyvvAvvQ<vv?,|vvDvv{GyvvAvv}vvzvvKhGyvvjvvObhGyvvtvvzvv(*vv?.|vv#Fvv%vv?CLvvQi,*vvtvv(OhFvv(O60pvv,GC8vv?
|vvv#G}QG\vvv,GyvvvQfvvv(*vvv?GyvvvgvvvQ<vvv+?pvvv,GC"vvv9_vvvuG@vvv9pvvv?hGCAvvvTvvv}vvv?<vvv9 !vvvAvvv9Fvvv+vvv?Gyvvv]vvvgvvv+vvvqvvv?
(GC"vvMvvqvv]vv?)E]GyvvAvvO$vv(QGyvvTvvQ*vvh<vvTvv=vv>GyvvQfvv,G@vv9FvvQ.$vvPgGCQGfvv,@vvtvvOepvv,Gyvvgvv9OI
GyvvgvvzvvryvvgvvOI|vv8vv9J|vv#|vv;*vv_GC9Vvv+vv?(G}ivv"vv9ehG}<vvtvv9QhGC9fvvRhG@vv}vv9d).vvvPyvvx
@vvTvvAvv}vvQGyvvjvv9<vv9Jh|vv"vvPfvvOIsvvQhfpvv,GyvvAvvO$vv(QE\vv9pvv?E]GSvvAvv"vvRGaGyvvjvvavv9AGyvv"vv=vv9O,
Ivvv+vvvECOiPyvvvxE]@vvvZvvvJvvvQsvvvTvvv~vvvv=vvv+vvvQ|vvv#$vvvPgG}QG\vvv,hE]LvvvQhLsvvvTvvv~|vvv#
G}QG\vv,Gyvvtvv9<vvzvv?yvvzvvRQGfvv?|vv#fvv}vvz+?G !vvAvv9LGyvvRQGfvv,,|vv9G!vvgvvwvvUSvvzvv=vv9

k
fvv̂Ivv+vv9I

sQG<?20|z+(!9
k

|#GyTw9f.

vvvvvvPyvvvvvx:*vvvvv}vvvvvwvvvvv#G !vvvvvAvvvvv9LGyvvvvvRQGfvvvvv,GAvvvvv9[Gyvvvvv(GQO|vvvvv#G}!vvvvvdvvvvv}vvvvv?GyvvvvvRQGfvvvvv+vvvvv?
GCTvvAvvMvvO|vv?Ivv9y+9

k
;vvtvv+vvuGyvv%vvOaGyvvavv(*vv{GCOiGCAvv}vvDvv{<vv9:vvvAvvqvv9AGyvvPGOGyvvjvvPGFvv,,

hR*vv9OIGyvvOLvv(dhpvvtvv9
k

yvvzvvAvv"vv(*vvhG:svvAvvZvv9OjhSvvQfvv?GyvvAvvJvv]vvQh$vvGvvQIGyvvgvv}vv9yvv?Lvv9QL
GyvvvvtvvvvavvvvQ,hR*vvvv9OI@vvvvwvvvv9y+rpvvvvQUGyvvvvgvvvv}vvvv{pvvvv,GyvvvvRQGfvvvv?.h*vvvvAvvvvavvvvzvvvv>vvvvv{Pyvvvvx@vvvvz|vvvv_
|vTvAv(QOGJRQGfv+v?|vgv+"?,BLvP*v#<vgv_G:fvAv=v9QGC(GQOGyvRQGfv+v?GCJvOhOI.h*v;Ive
hFvv(OE|vvwvv9!vv+9JyvvR*vv9OIG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?<vv9SvvAvvMvvOGeG}QG\vv,pvv,GC"vvavvtvv?GyvvgvvQ<vv+?
pvvvvv,vvvvvv;GCGvvvvv9y+#,Cjpvvvvv,G}QG\vvvvv,GCQh*vvvvv?PGJG !vvvvvAvvvvv9Fvvvvv+vvvvv?GC"vvvvvMvvvvvqvvvvv]vvvvv?;hpvvvvv,
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G}QG\vv,GAvvO*vv?(Gyvv%vv9|vvWvv+vv?);hG}QG\vv,GC"vvJvvOQI,hG}QG\vv,GCavvQ*vv?PGJGyvvtvvOQI
G !vvAvv9Fvv+vv?GC"vvMvvqvv]vv?CYvv;

k
hPGJGyvv=vv+vv8vv9Jivv+vvQGC"vv9Svv=vv?.G@vvOhdhGyvvWvvwvv{GyvvAvv9y+9f

*(\J9fGyAJO*9JGCARG*OIf^G !A9LGyRQGf,p,GC"9_uGygQ<+?G@9p?.

G@OhdQs~(5vvvvv10)
;O*9JG !A9LGyRQGf,GCARG*Of^G}QG\,G@9p?p,GC"at?GygQ<+?

GyAJO*vvvvvvvvv9JGyt+vvvvv9Svvvvvvvvv9J

GyvvAvvwvvDvv+vvrGyvvRQGfvv,GyvvAvvGvv9Qj
hGCw""?GyRQGf+?

GyAwD+rGyRQGf,hGyAG9Qj28p,GC8?|D{:

vvvvvGCw""?hGyAG9QI<9CRGQY

vvvvv@vvv"vvv(*vvvhE!vvvAvvv9LGyvvvTvvvzvvvh|vvvhE\vvv9pvvv?svvv+vvv}vvv?fvvv9y+?yvvvzvvv}vvvAvvvavvvzvvv=vvv9JGAvvv]vvvQ*vvv?
hG}S(Gb(L]Q,A(e>QGA)

vvvvvLq^CG+?GCRGQYGyqt+QIGC(GQO

vvvvvGyAw9|{<+#G !A9LGA+(GPhGy"=9OhGyj9<(jp,RQGf?|TAtQI

EOGQIGC(GQOGya=+g+?h;T_EOGQIGC(GQOGya=+g+?72p,GC8?|D{:

vvvvvGCJ9pd?f^GC+9ghG}QG\,

vvvvvEOGQII9Y+{G}QG\,Gy=(Q

vvvvvEOGQI!d9eGyQj

vvvvvvq9AGJGSAg}9dGC+9ghGyg"9YQGyjPGF+?

GCZvvvvvvvvvvvvvvvOQ:A. Kassam, An Overview of Land and Water Resources in WANA Region, ICARDA

(International Center for Agricultural Research in the Dry Areas) (Syria: University of Aleppo, 1992).

fvv}vv(|vv9
k
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$vvvvPG$vvvv(Gyvvvv(\vvvvhGyvvvvgvvvv9C,yvvvvzvvvvAvvvvOGLvvvv;J<vvvv+#GC(GQOGyvvvv=vvvvWvvvvQ*vvvv?hGC+vvvv9ghG}QV
hGyvRQGfv?hGyvjvPGApv,8v9*v?GyvtvQfGyvgvWvQ*v#h|vavzvhG}yvqv+v?GyvDv9yvDv?.h<v9yvAv9[*v}vwv#Gyvtv(d
E!qvvv&:*vvv}vvvwvvv#GSvvvAvvvOG|vvv?G !vvvAvvv9LGyvvvRQGfvvv,hR*vvv9O@vvv&,h<vvv9yvvvAvvv9[GSvvvAvvvOG|vvv?GyvvvjvvvPGAyvvvzvvvTvvvwvvv9f
GCAvRG*vO*v#pv,vv{|v#Gyvgv9DGyv"v9|v,hGyvgv9DGyvgvQN,Cj;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?
pv+v%v}v9E:<v9yvAv"vTv+vuGyvwv9|v{<v+#$vPgGC(GQOh<v9yvAvgv9hf|vhGyvgv(G|v{G}LvQiGyv(GQOIpv,
GyqZ(dGyt9O|?h<M9Y?f9|{GC=+OGJGyw+}+9F+?GyA9[.
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OhQG9Q?TvvbGJG9OTQTXFTvvvZ

6vw)CNTvvoG9@RQTvZG9eQG4TvvZG9QE@bG:vvZ
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|OLvvvvvvv{

|vv#GCgvvQhaCf
q

GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?pvv,|vvwvv9pvvJvv?G6pvv9JhGAvvWvvQGJ
COJh@vvv|OjOhQG

k
QFvvv+vvvTvvv9

k
pvvv,GCJvvv9pvvvdvvv?fvvv̂G !vvvAvvv9LGyvvvRQGfvvv,,<vvv{R*vvv9O@vvv&,h<vvv9yvvvAvvv9[

;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?.|vvv#GCAvvv(svvvhCf*vvvQ@vvvqvvvhfvvvQVGyvvvjvvvPGApvvv,GyvvvOhd
Gyvvv"vvv9|vvv+vvv?<vvv"vvvTvvv=vvv?70pvvv,GC8vvv?<vvvJvvvzvvv(dfvvv9e2020,EPG<vvvtvvv,fvvvOOSvvvwvvv9f$vvvPgGyvvvOhd
(CpvvvQ*vvvtvvv+vvv9hBSvvv+vvv9hC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?)GCtvvvOQ<vvvvvv6,5|vvvz+9QpvvvQOvvvv}vvv9$vvv(fvvvz+&h<vvv9yvvvAvvv9[
\vvv}vvv9fE_vvvgvvv9|vvv%vvv~(1),vvvv}vvv9|vvv#GCAvvv(svvvhCf@vvvzO$vvvPgGyvvvR*vvv9OIpvvv,fvvvQVGyvvvjvvvPGA|vvv#
GyOhdGy"9|+?PG79@tQ*=9

k
.

Ef;vvvtvvv+vvvu$vvvPgGyvvvR*vvv9OIpvvv,E!vvvAvvv9LGyvvvjvvvPGA(70pvvv,GC8vvv?IvvvAvvv)fvvv9e2020)y+U
<vv9C%vv}vv?GyvvTvv%vvzvv?,hyvvwvv#*vv}vvwvv#;vvtvv+vvtvv%vv9pvv+vv}vv9yvv(@vv=vv"qvvBGAvvwvv(|vv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?
GyvvTvv+vv9Svv9JGC;Fvv}vv?hGSvvAvvMvvO|vvBGC(GQOG \vv9pvv+vv?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,<vv}vv9pvv+vv%vv9
GC(GQOG \vvv9pvvv+vvv?Gyvvv(GQOI|vvv#GC}vvv(y+#GyvvvOhy+_Cvvv"vvv9Fvvv+vvv?Ch|vvvAvvvgvvvOOIG@vvv%vvv9J.h@vvvAvvvavvvzvvv>
|vv(GFvv%vv?$vvPGGyvv%vvOaGSvvAvv}vvQGQ*vv?R*vv9OIivv;dGAvv=vv(HhGyvv=vvtvv(y+9JGyvvQFvv+vvTvv?yvvOi|vv8vv9J
GC;*v_|v#GCRGQfv_ChGC"vAvGv_GyvZvjv9Qpv,vv{|v#CpvQ*vtv+v9hBSv+v9hC|vQ*vwv9Gyv;@v+"v+v?(2).
Ef
q

GyvvWvv,AG}vvvDvvQCGvv+vv?$vv"vv9*vvAvv}vvDvv{<vv9yvvAvvQvvv+vvRfvv̂GyvvAvvtvv"vv+vv9JGyvvRQGfvv+vv?Gyvvgvv9y+?GCTvvAvv(iGyvvAvv,
GSvvAvvMvvO|vvBfvv̂|vvTvv9Ivv9JhGSvvgvv?|vv#G}QG\vv,,hSvv9GvvBvvvDvv+vvQG

k
<vvR*vv9OIGyvvjvvzvv?hG !vvAvv9L

GyRQGf,L;dGygt(OGyD;C?GC9\+?p,GygO*O|#GyOhdG6S+(*?.

h<vvvv9yvvvvQivvvv~|vvvv#GyvvvvAvvvvtvvvvOeGyvvvvTvvvvQ*vvvvhpvvvv,@vvvvavvvv(*vvvvQ<vvvvgvvvv̂GyvvvvAvvvvtvvvv"vvvv+vvvv9JGAvvvvO*vvvvDvvvv?|vvvvDvvvv{
Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?hGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?,@vv=vvtvv)$vv"vv9c<vvgvv̂G}Svv8vvzvv?fvv}qvv9EPGvvv9!vvB$vvPg
GyvvvAvvvtvvv"vvv+vvv9JGAvvvO*vvvDvvv?EvvvDvvv{fvvv9|vvv;

k
CSvvv9Svvv+vvv9

k
yvvvR*vvv9OIE!vvvAvvv9LGyvvvjvvvPGApvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?fvvv9e

(1)M. Yudelman, «Water and Food in Developing Countries in the Next Century,» paper

presented at: Feeding a World Population of More than Eight Billion People: A Challenge to Science

(conference), edited by J. C. Waterlow [et al.] (Oxford: Oxford University Press in association with the

Rank Prize Funds, 1998).

(2)GCZOQ!qT&.
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2020(3).h<vv9yvv"vvAvv+vvGvv?*vv}vvwvv#Gyvvtvv(dEfG:SvvAvvQG@vv+Gvv+vv9JGCTvvAvvtvv=vvz+?Svv(a@vvQvvvRfvv̂
R*v9OIG !vAv9Fv+v?<v9SvAvMvOGeGC(GQOGCAv9Iv?<vqvgv9y+?Cvv=vQ|v#GC9\v,.hyvwv#|v#GyvZvgv(<v?
<vv}vvwvv9f,;vvtvv+vvu$vvPGG:SvvAvvMvvOGeGyvvqvvgqvv9d|vv#OhfR*vv9OIG:SvvAvvDvv}vv9Qpvv,Gyvv(svvBhGC9d
hG@v%vOpv,E!vAv9LGyvjvPGAvvz+9

k
ChFvRFv+v9

k
,}!v&Sv+vAvJvav~<vqvgv{G6pv9J.h<v9:fvAv}v9Ofv̂

|vvTvvAvv(*vv9JGyvvqvvtvvOhGyvvAvvwvv9y+rGyvvOGLvvzvv?pvv,Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?,*vv=vvOhCf
q

EOGQIG6pvv9J
SvAvZv=vKGSvAvQG@v+Gv+v?h|vwv(!v9

k
|v%v}v9

k
|v#G:SvAvMvOGeGyvqvgqv9dyvzv}v(GQOh|vwv(!v9

k
|v%v}v9

k
C*v]v9

k

yvvR*vv9OIfvvQhVGyvvjvvPGAGC}vvwvv"vv?,h;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,$vvPgGyvvOhd
Gy"9|+?.

pvv,$vvPGGyvvqvvZvv{!vvJvv9hdEyvvtvv9AGyvv]vv(Afvv̂<vvgvv̂Gyvv"vvtvv9WGyvvAvv,;vvTqvv#EOGQIG6pvv9J
pvv,GyvvOhdGyvv"vv9|vv+vv?h<vv9yvvAvv9[@vvtvv(OE];vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,Ivv+vvEGyvv=vv+vv8vv9J
hG}sv9y+~|vAv=v9*v"v?FvOG

k
h<vWvwv{CvvDvQFv9$v(fvz+&GAv9dpv,Gyv=v+v8v9JChG}sv9y+~G}LvQi.

h*vvAvv~GyvvAvvQvvv+vvR$vv"vv9fvv̂GyvvqvvtvvOCCvv"vv9AGAvvZvv9O.E!qvv&}|vvQ|vv|SvvrCf*vvwvv(fCIvvOG@vv(G!vv>
G}Svv9Svv+vv?GBvv9Yvv?<vv{OGQIG6pvv9J*vvAvv}vvDvv{<vv9yvvOhQGCTvvAvvtvv=vv\yvvzvv}vv=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?pvv,|vvDvv{
$vvvPgG:SvvvAvvvQG@vvv+Gvvv+vvv9Jh<vvvMvvv9Yvvv?GSvvvAvvvQG@vvv+Gvvv+vvv?G OGQIChGCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9J

(Integrated Pest Management (IPM)),GyvvAvv,;vv9hdLvvqvv̂GyvvqvvtvvO<vv9CJvvZvv(dE]IvvOqg
G}O!vv)hLvvqvv̂=vv+vvhBCvv9QgGyvv]vv9QI.$vv"vv9cC*vv]vv9

k
|vvgvvzvv(|vv9JIvvOhOIfvv#Fvv9!vv>CSvv9Svv,

BLvvQpvv,|vvTvvAvvtvv=vv{EOGQIG6pvv9J,*vvAvv}vvDvv{<vvOhQGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?pvv,EOGQIGCJvvZvv(dpvv,
GC"v9_vuG:SvAv(GFv+v?(GAv9QI).h*vAv}vDv{GyvtvZv(Qpv,G@v9!v>G}Lv+vQvv(!v&,FvRFv+v9

k
,*vzO|v#

GAvtv+vtv?Gyvtv9Fvzv?Ef@vav(*vQ$vPgGyvAvtv"v+v?(GyvAvtv"v+v9JGAv+v(*v?)*v}vzvwv%v9Gyvtvav9YGBv9Uh<v9yvAv9[
S+AJw~<q(GFO$9.

Ch:
k

:@tO*QptOGCJZ(dGy"9@Hf#G6p9J

Ef
q

fvOOG
k

vv=v+vQG
k

|v#G6pv9J;vO|v#G !vAv9LGyvRQGfv,h<vMv9Yv?|v#E!vAv9LGCJv9Yv+v{.
h@vvvWvvv}vvv{$vvvPgG6pvvv9Jvvvv;

k
|vvv#GAvvv+vvv(G!vvv9JhG@vvvQGCvvv+vvv~hG}fvvvWvvv9HGyvvv]vvv9QIhGAvvvWvvvQGJ

hivv+vvQ$vv9.yvvtvvOfvvQqaG:LvvAvvZvv9Yvv+vv(fG6pvv9J<vvz8vv9C*vv?:zIvvWvvQI,svv9QV,!vv+}vv9@vv(OG,
pvvvavvvQ*vvv9J,CfvvvWvvv9H\vvv9QIChCjVvvvwvvv{BLvvvQ|vvv#GAvvv+vvv9IGyvvv=vvvQ*vvv?ChGC9Fvvv+vvv?ChGAvvv+vvv(G!vvv+?,
Gyvvqvv+vvQhSvv9J,Gyvv=vvwvvAvv+vvQ*vv9ChG@vvQGCvv+vv~G}LvvQiGyvvAvv,@vv]vvQCh@vvO|vvQGCJvv9Yvv+vv{y.h*vv}vvwvv#

(3)V. Ruttan, «Sustainable Growth in Agricultural Production: Poverty, Policy and Science,»

paper presented at: Agricultural Sustainability, Growth, and Poverty Alleviation: Issues and Policies

(conference), edited by Stephen A. Vosti [et al.] (Feldafing, Germany: German Foundation for

International Development; International Food Policy Research Institute (IFPRI), 1991).
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$vvPgG6pvv9JCf@vvtvvzvv[svv+vv}vv?GCJvv9Yvv+vv{svv=vv{Ch<vvgvvOfvv}vvz+9JGAvvZvv9O.$vvPGh*vvZvv"vvr
G:LvvvAvvvZvvv9Yvvv+vvv(f$vvvPgG6pvvv9Jvvvv}vvv9*vvv\:Gyvvvqvvvtvvv9Q*vvv9J,GAvvvWvvvQGJ,G}fvvvWvvv9HGyvvv]vvv9QI,

Gyg(G|{GC}Q\?.

$vvv"vvv9cEFvvvQGAGf|vvv#Yvvv"vvvhG !vvvTvvv9fivvv+qvvvQGBCvvv9QhCGvvv+vvv?G6pvvv9JhGyvvvgvvv(G|vvv{GC}vvvQ\vvv?
hG6p9JGA+(G!+?hG}fW9HGy]9QIG9:

1vvvvvG@vvTvv9YGyvvAvvGvv9QIGyvvgvv9C+vv?pvv,GC(GOGyvvjvvPGFvv+vv?hGyvv"vv=vv9@vv+?GyvvAvv,COqJE]R*vv9OI@vvzCvv+vvQ
G6p9JhG}|QGV.

2vvvvvGyvAvjv+vQGJpv,GyvAvtv"v+v9JGyvRQGfv+v?h<vMv9Yv?|v9*vAvgvzvu|v"v%v9pv,GyvAvwvDv+vrGyvRQGfv,
hLvvqvv̂GyvvOhQGJGyvvRQGfvv+vv?hR*vv9OIRQGfvv?GCJvvZvv(dGyvv(GIvvOh$vvPgvvvzvv%vv9fvv(G|vv{@vvR*vvO
!W9WG6p9J.

@vvv9QMvvv+vvv9
k

hFvvvOJ|vvvdvvv9$vvvQpvvvtvvvOG !vvvAvvv9L(yvvvzvvv}vvvJvvv9Yvvv+vvv{)pvvvtvvvO;vvvavvv~ChpvvvtvvvOIvvvZvvv(d
Gyvv=vvavv9_vv9pvv,E*vvQyvv"vvOGfvv9e1840,E:CfGyvvqvvtvvOGyvvwvv=vv+vvQ|vv#FvvQqGAG6pvv9JhG}h<vv8vv?vvv9f
C|vvQG

k
GSvvAvvDvv"vv9Fvv+vv9

k
hy+Usvv9fvvOIfvv9|vv?.pvv,GyvvTvv"vv(GJGyvvAvv,Cfvvtvv=vvBGAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?,

RGOJGyvvAvvGvv9QIGyvvAvv,svv9OJ<vvOhQ$vv9E]G!vvAvvWvv9QG6pvv9J<vvGvv}vv+vvhC!vv(Gfvv%vv9pvv,Gyvv=vv+vv8vv9J|vv#
OhfG}fvvOGAGyvvavv=vv+vvgvv+vv_.pvvtvvOGROGOGyvvqvvtvvOpvv,GCJvv9Yvv+vv{!vvAvv+vvGvv?GRO*vv9OGyvvTvvwvv9fGyvvwvv=vv+vvQ
GyvvvvPj\vvvvjvvvvbfvvvv̂GC(GQOG}Q\vvvv+vvvv?,hCOqivvvvvPyvvvvxE]G@vvvvTvvvv9YpvvvvQUGyvvvvTvvvv(b,|vvvv9svvvv9O
|vvvvRGQfvvvv,GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?E]@vvvvwvvvvDvvvv+vvvvrE!vvvvAvvvv9Fvvvv%vvvv~,h<vvvv9yvvvvAvvvv9[RGOJJvvvvQFvvvv97vvvv~!vvvvAvvvv+vvvvGvvvv?
GSvAvMvOG|v%v~G}Yv"v9aGyvgv9y+?Gyvjv;d,h<vMv9Yv?GAv=v(H,<v9yvQ<vb|vhG}Sv}vOIh@v"vdv+v~
fQVGC+9g.

!vvTvv=vv+vv9
k
@vv(GpvvQJGyvv=vv+vv9!vv9JGyvv(Gsvvgvv+vv?fvv#GyvvqvvtvvO<vv9CJvv9Yvv+vv{pvv,vvv{|vv#OhdC|vvQ*vvwvv9

GyvvvWvvv}vvv9y+?hChQh<vvv9hGy+9<vvv9f,E:Cf<vvvgvvv̂Ivvvwvvv(|vvv9JGyvvvOhdGyvvv"vvv9|vvv+vvv?|vvv9QSvvvBGyvvv"vvvWvvv9W
Gyv=vJvDv,<vWvwv{Ch@v(|v9@v+wv,hh\vgvB<vQG|vH;vP*vQ*v? Kv9OYv(J|vTv}v(YAvZvQGyvqvtvO
<v9CJv9Yv+v{.|v#Fv%v?CLvQi,:vgv{GyvdvQhaGyv=v+v8v+v?GyvRQGfv+v?fv}vz+?@vtvO*vQLvavQG6pv9J

pv,GyvRQGfv?Yvgv=v9
k
<vTv=v>G!vAvWv9QG6pv9Jpv,GyvdvQhahGyvAvjv+vQGJGC"v9Lv+v?,vv%vav{GCavQ

GC=vvvwvvvQChGCAvvvzLvvvQhG@vvvqvvv9ahR*vvv9OIGyvvvQ_vvv(<vvv?GyvvvAvvv,@vvvgvvv}vvv{=vvv+vvvgvvv%vvv9fvvv̂Lvvvqvvv̂G !vvvAvvv9L,
<j^Gy"dQf#\QQG6p9J.

yvvvtvvvO|vvv(qd|vvvgvvv%vvvO<vvvJvvv(KG}QRGyvvvgvvv9C,,h<vvv"vvvxGCgvvvzvvv(|vvv9JGyvvvQFvvv+vvvTvvv, !vvvAvvv9L
IvvvZvvv(dG}QRpvvv,GC"vvv9_vvvuG:SvvvAvvv(GFvvv+vvv?,<vvvJvvv(KGyvvvqvvvtvvvOGyvvv"vvv9@vvvH|vvv#G6pvvv9Jh;vvvTvvv_
EOGQ7vvv9.hVvvv}vvvzvvvBEIvvvOi!vvvWvvvQG@vvv&|vvvgvvvzvvv(|vvv9Jfvvv#fvvvOO|vvv#GyvvvOQGSvvv9JGyvvvAvvv,CfvvvOq$vvv9
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<vvv9IvvvDvvv(fJvvvAvvvzvvvqvvv(fpvvv,G}QRGyvvv"vvv9@vvvH|vvv#G Yvvv9<vvv?<vvv96pvvv9JhGAvvvWvvvQGJ.h@vvvAvvv=vvv9*vvv#$vvvPg
GyvvAvvtvvO*vvQGJ<vvWvvwvv{hGSvvhfvv̂|vvTvvAvv(iGC"vv9_vvuhGyvvTvv"vv(GJ.yvvtvvOQGhIvvB|vvTvvAvv(*vv9J

GyvvqvvtvvOGyvvTvv"vv(j<vv+#6pvv,GC8vv?pvv,GyvvTvv"vv?pvv,<vv"vvjvv;OTh44pvv,GC8vv?pvv,GyvvTvv"vv?pvv,
Gyvvvvqvvvv+vvvvz+=vvvv_.vvvvv}vvvv9QGhMIvvvvGvvvv~GyvvvvqvvvvtvvvvO|vvvv#Bpvvvv?hGIvvvvOI,vvvvv}vvvv9$vvvv(GAvvvv9d<vvvv9yvvvv"vvvvTvvvv=vvvv?E]
SvvAvv+vv}vv=vv(QQS(Stemborers),<vv+#3pvv,GC8vv?pvv,Gyvv%vv"vvOh95pvv,GC8vv?yvvOiFvv9Q7vv9pvv,
<"j;OT(4).

$vvPG,h@vv|vvvOGyvvAvvtvvO*vvQGJGyvv%vvWvv?yvvgvv}vvz+?pvvtvvOGCJvv9Yvv+vv{G}Svv9Svv+vv?|vvDvv{G}QR,<vvzf
q

@vvtvvO*vvQGJGyvvqvvtvvOGyvvgvv9C+vv?@vv}vv+vvhGCJvv9Yvv+vv{PGJCGvv+vv?Lvv9Yvv?.yvvtvvO<vvPyvvB<vvgvv̂G@vv%vv(O
GBvv9Yvv?yvvAvv(pvv+vvQ<vvgvv̂GCtvv9*vv+vvUAvvZvvQGyvvqvvtvvOGyvvgvv9C,,h!vvMvv[<vv9yvvPvvvQvvvQG|vvQ(Cramer)

fvv9e1967,h|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?GyvvAvv9<vvgvv?yvv~|vv~GCAvvJvvOIzGyvvqvv9hy(FAO)

fvvv9e1975,h<vvv+}vvv"vvvAvvv+vvv{(Pimentel)fvvv9e1995,hCh*vvvQvvvv,hBLvvvQhf(Oereke [et al.])

fvvv9e1994(5).h@vvvgvvvAvvv=vvvQ@vvvtvvvO*vvvQGJGyvvv=vvv9IvvvEG}Lvvv+vvvQhR|vvv;Fvvv&fvvv9e1995CvvvvDvvvQIvvvOGCvvv?

hVvv}vv(:
k

,pvvtvvOOQS$vv|:ACvv}vv9!vv+?Ivv9Yvv+vv{CSvv9Svv+vv?$vv,Gyvvtvv}vvKhGyvvPQIhG}QRhpvv(d
GyvvvZvvv(*vvv9hGyvvvWvvvgvvv+vvvQhGyvvvtvvvavvv#hGyvvv=vvvavvv9_vvv9hGyvvv=vvv#,Ivvv+vvvE@vvvtvvvOQ|vvvTvvv9IvvvAvvv%vvv9<vvv"vvvZvvvrGCTvvv9Ivvv?
GCRQhfvv?<vv9CJvv9Yvv+vv{fvv9C+vv9

k
,h@vvgvvavv,E!vvAvv9Fvv9

k
@vvR*vvOsvv+vv}vvAvv&fvv#300|vvz+9QOh:QSvv"vv(*vv9

k

(<vv+#fvv9|vv,1988vvvvv1990).h@vvtvvh@vvtvvO*vvQG7vv~pvv(b|vvAvv(SvvbGyvvtvv+vv}vv?GyvvTvv"vv(*vv?yvvzvvqvvtvvO|vv#
G !A9LGy"9@H|#G6p9Jp,GyqAQIGCPv(QI.

h@vv(YvvzvvBGyvvOQGSvv?E]C!vv&:z<vv9yvvQivv~|vv#GyvvavvQbGyvvRQGfvv+vv?Gy+Oh*vv?hGyvv=vv+vv(yvv(Fvv+vv?
hGyvvwvv+vv}vv+vv9Fvv+vv?GCTvvAvvMvvO|vv?pvv,>vv9*vv?$vvPgGCJvv9Yvv+vv{GyvvDvv}vv9!vv+?,pvv{f42pvv,GC8vv?|vv#G !vvAvv9L
GyvvTvv"vv(jGCAvv(svvhpvvtvvO!vvAvv+vvGvv?G Yvv9<vv?<vv96pvv9Jy.yvvtvvOvvv9fGyvvqvvtvvOG}vvv=vvQpvv,GCMvvQFvv9J

Gyvvwvv9|vv"vv?<vvTvv=vv>GAvvWvvQGJ(15pvv,GC8vv?)|vvAvv=vv(fvv9
k
<vv9}|vvQGV(13pvv,GC8vv?)hG}fvvWvv9H

Gyvvv]vvv9QI(13pvvv,GC8vvv?)C*vvv]vvv9
k
.vvvvPyvvvxC\vvv9aGAvvvZvvv9OGCAvvvzLvvvQpvvvtvvvOG

k
!vvv9:vvv9

k
|vvv#G6pvvv9J,

|vtvOGQg10pv,GC8v?Sv"v(*v9
k

|vtv9Q!v?<v9AvZv9OGC=vwvQ.|v#Fv%v?CLvQi,@v=vOhGBvTv9FvQGyv"v9:v?
|vv#G6pvv9JGAvvWvvQ*vv?$vv,G}vvv=vvQ|vvAvv=vv(fvv?<vv9BvvTvv9FvvQGyvv"vv9:vv?|vv#G}|vvQGV,hCLvv+vvQG

k
@vvzO

G}fW9H<9yOQF?GyD9yD?.

(4)Yudelman, Ibid.
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GCZvvvvOQ:E. C. Oereke [et al.], Crop Production and Crop Protection: Estimated Losses in Major Food

and Cash Crops (Amsterdam: Elsevier, 1994).
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<vvWvvwvv{fvv9eYvv"qvvqvvBGCQvvv=vv9JGCTvvAvvMvvO|vv?pvv,GC=vv+vvOGJpvv,Lvv;d@vvavv(Q$vv9Cvv;Cvv?
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k
pv,Iv_|v9RGyvB@vTvAvMvOe|vQvv=v9J
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G:SvvAvv%vv;cGyvvgvv9C,yvvzvv}vv=vv+vvOGJhCTvv9Ivv?|vv#GCJvv9Yvv+vv{GCRQhfvv?@vvtvv9QH55pvv,GC8vv?|vv#
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yvtvOLvqv]vB|v=v+vOGJG6pv9J!vTv=v?GyvqvtvO<v9CJv9Yv+v{,hyvwv#qGSvAvMvOG|v%v9sv9Oiv9yv=v9
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Svv"vv(*vv9

k
|vvhhFvv(OIvv9:Jhpvv9I6vv9@vvR*vvOfvv̂20000Ivv9yvv?(13).h@vvtvvAvvQMOQGSvv?CLvvQi

Cf|vv=vv+vvOGJGyvvjvv9RGJGyvvTvv9|vv?*vv}vvwvv#Cf@vvTvv}vv~svvQG<vv?25|vvz+(fE!vvTvv9fCh2pvv,GC8vv?|vv#
Gyvvtvv(iGyvvgvv9|vvzvv?GyvvRQGfvv+vv?Gyvvgvv9C+vv?Svv"vv(*vv9

k
,h*vv}vvwvv#Cf@vvWvv}vv{Cvv;Cvv?|vv;*vv_Ivv9:J@vvTvv}vv~

VO*OIChLaQIS"(*9
k

|hhF(OsQG<?220CyrI9y?hp9ICh|zS9I(14).

G@vv9!vv>G6LvvQC]vv9QGC=vv+vvOGJ*vvAvv}vvDvv{<vv9SvvAvv%vv;cGyvvavvgvv9eChGyvvjvvPGAGAvv9hjJvvzvvqvv9J
GC=v+vOGJ.pv,GyvOhdPGJGyvOLv(dGCQ@vqvgv?vv9yv(:*v9JGCAvJvOIG}|vQ*vwv+v?,$v"v9c35pv,
GC8v?|v#CivP*v?GyvTv(bpv+v%v9|vTvAv(*v9JJvAvzvqv?|v#Jvzvqv9JGC=v+vOGJ,h1vvvvv3pv,GC8v?|v#
$vPgG}ivP*v?PGJ|vTvAv(*v9Jfv9y+?|v#GC=v+vOGJhpv(bGCTvAv(*v9JGyvtv9!v(!v+?.hpv,Gyv"v%v9*v?
G}LvvQiyvvzvvZvv(QI,Cjpvv,GyvvOhdPGJGyvvOLvv(dGC"vvMvvqvv]vv?|vvDvv{Gyvv%vv"vvO,$vv"vv9c80pvv,
GC8?|#G}iP*?p+%9Jzq9J|=+OGJv+}+9F+?<"T>|Aq9h@?(15).

Ef
q

GC=vv+vvOGJGCTvvAvvgvv}vvzvv?yvv%vv9BCvv9Q\vv9QIpvv,Gyvv=vv+vv8vv?,pvv(Fvv(O$vv9GCTvvAvv}vvQpvv,GyvvAvvQH
h|vvvTvvvAvvv(iGC9AG}Q\vvv,hpvvv,<vvvgvvv̂G}Ivvv+vvv9f@vvvZvvv{IvvvAvvv)GCwvvv(!vvv9JGyvvvTvvv9|vvv?pvvvAvvvzvvv(K
GCJvvv9Yvvv+vvv{hG}!vvvdvvv}vvv?GC9Fvvv+vvv?(16).vvvv}vvv9@vvvTvvv=vvv>GC=vvv+vvvOGJGCZvvvQhpvvv?pvvv,G}8vvv9QhG@vvvOGhd
hGyvvv=vvvJvvv+vvvQGJ,@vvvTvvv}wvvv~G}Svvv}vvv9chpvvvtvvvOG8vvv9,h@vvvtvvvAvvv{C*vvv]vvv9

k
GAvvvWvvvQGJGC9Fvvv+vvv?hGAvvv+vvv(G!vvv9J

GyvvZvvjvv+vvQIG}LvvQiGyvvAvv,EvvDvv{GyvvjvvPGAGyvvQFvv+vvTvv,yvv~Svv}vv9c.vvvPyvvx@vvAvvzvv(KGC+vv9gGyvvTvvavvJvv+vv?
hG@vvv(pvvv+vvv?<vvv9SvvvAvvvMvvvOGeGC=vvv+vvvOGJ.h*vvv}vvvwvvv#Gyvvvtvvv(dpvvv,$vvvPGGBvvvZvvv(UE!vvv&*vvvZvvvgvvv>GyvvvAvvv"vvv=vvv|
<v9}Lvav9QGyvwvz+?GyvAv,@vZv+v>GC(GQOGC9Fv+v?<vTv=v>fvOehFv(O|vQGsv=v?|v"vdv}v?hQYvOOGFv~
}CQGC=+OGJf^$PgGC(GQO.

vvvvPyvvvx@vvvtvvvAvvv{Gyvvvavvv+vvv(QhGAvvv+vvv(G!vvv9JGyvvvDvvvO*vvv+vvv?hGyvvv=vvvQ*vvv?<vvv9C=vvv+vvvOGJ,pvvvtvvvOChQO;vvvz+{
yvvvvOQGSvvvv9JIvvvvO*vvvvDvvvv?svvvv9|vvvvB6vvvv9hvvvvv9yvvvv?>vvvv9*vvvv?Gyvvvv=vvvv+vvvv8vvvv?(Environment Protection Agency)

hQ<vvavvB<vv+#GSvvAvvMvvOGeGC=vv+vvOGJhhpvv+vv9JGyvvavv+vv(Q,hsvv9yvvBEf!vvTvv=vv?Gyvv(pvv+vv9JGyvv"vv9:vv?
|vv#GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvvQ<vv(pvv+vv(QG!vv+?hIvvO$vv9(Carbofuran-Pesticide)|vvQ@vvqvvgvv?FvvOG

k

hhYvvzvvBE]|vvz+(fvvvvv|vvz+(P_vv+vvQSvv"vv(*vv9
k

pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,<vv}vv9pvv+vv%vv9

(13)GCZOQ!qT&.
(14)J. Jeyaratnam «Acute Pesticide Poisoning: A Major Global Health Problem,» World Health

Statistics Quarterly, vol. 43 (1990).

(15)Pimentel, «Pest Management, Food Security, and the Environment: History and Current

Status».

(16)World Resources Institute (WRI), World Development Report 1994/1995 (Washington, DC:

WRI, [1997]).
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<g^Gya+(QGC%OOI<9:!tQGVhGya+(QGCTAz!T?(17).

|v#Fv%v?CLvQi,$v"v9cGIvAv}v9dvv=v+vQyv"v}v(GyvAvzCv+vQGJG@v9!v=v+v?yvzv}v=v+vOGJpv,GyvOhd
Gyvv"vv9|vv+vv?<vvWvvwvv{fvv9eh<vvTvvQfvv?Cvvv=vvQvvvDvv+vvQG

k
|vv"vv%vv9pvv,GyvvOhdGCAvvavv(QI,pvvzh:

k
|vv#GCAvv(svvhCf

*v"v}v(|vgvOdGSvAv%v;cGC=v+vOGJpv,GyvOhdGyv"v9|v+v?,h<vMv9Yv?pv,C|vQ*vwv9Gyv;@v+"v+v?hBSv+v9,
<vvTvvQfvv?Cvvv=vvQ|vv"vv&pvv,GyvvOhdGCAvvavv(QI.$vvPgGyvvR*vv9OIGyvvwvv=vv+vvQIpvv,GSvvAvv%vv;cGC=vv+vvOGJSvv(a
@vv(FvvOpvv,OhdhHvvAvv}vvgvv9JPGJhfvv,hG$vvAvv}vv9e|vv"vvMvvqvv̂<vv9}\vvQGQG@vv9!vv=vv+vv?|vv#R*vv9OI
GSvAvMvOGeGC=v+vOGJ<v9Ctv9Q!v?<v}vGvAv}vgv9JGyvOhdGCAvav(QI.hCvvDvQ|v#PyvxhIvAv)yv(hFvO
$vvPGG:$vvAvv}vv9ehGyvv(fvv,Ivv(dGyvvAvvzCvv+vvQGJG@vv9!vv=vv+vv?Gyvv]vv9QIyvvzvv}vv=vv+vvOGJpvv,GyvvOhdGyvv"vv9|vv+vv?,
pvv{f

q
CYvvJvv9HGyvvtvvQGQhGyvvTvv+vv9Svv?Gyvvgvv9|vv?hGCRGQfvv_,*vvgvvavv(fOpvvgvv?vvv=vv+vvQIyvvAvvJvvtvv+vvuG}|vv#

GyvjvPGFv,pv,GCOiGyvtvZv+vQyvzv}vGvAv}vhh$vPGG}|vQ:*vWvGvhfv̂@vqvJv[!vAv9FvHGSvAvMvOGe
GC=+OGJp,$PgGyOhd(18).

$vPG,hyvtvOCFv9<vBGyvWvQvv9JGyvwv=v+vQIGCAvgvOOIG@v"vTv+v9J<v}vtvOQ7v9Gyv=vJvDv+v?Gyvwv=v+vQI
fv#G:!vAvtv9OGJGBv9Yv?<v9CWv9vv{Gyv=v+v8v+v?hGyvZvJv+v?Gyv"v9:v?|v#GSvAvMvOGeGC=v+vOGJ(6vOa
>vvv9*vvv?IvvvZvvvZvvv%vvv~G:SvvvAvvvDvvv}vvv9Q*vvv?GC(cvvvqvvv?pvvv,Svvv(bGC=vvv+vvvOGJhGyvvv=vvv9yvvvjvvv?30|vvvz+9QOh:Q
@vvtvvQ*vv=vv9

k
),hvvvPyvvxGyvvgvvO*vvO|vv#GyvvWvvQvvv9JGCAvvgvv9h!vv?|vvgvv%vv9fvv̂G:!vvAvvtvv9OGJGC(Fvv%vv?Ey+%vv9

<v9:pvAvQGVGyvtv9Fv{<vz8v9SvAvwv(f|vTv|hyv?fv#fv}vz+9JpvJv[hVvJv#h@vTv(*vu|v"vAvGv9J
GC=vvv+vvvOGJh<vvv}vvv(GYvvvqvvv9J|vvvtvvv=vvv(yvvv?GFvvvAvvv}vvv9fvvv+vvv9

k
!vvv(fvvv9

k
|vvv9.hCvvvvDvvvQ|vvv#Pyvvvx,pvvvtvvvOCyvvvR|vvvB

GyvWvQvv9JGC"vAvGv?yvzv}v=v+vOGJ!vqvTv%v9<v9Ctv9*v+vUGBv9Yv?GCgvOqIhGC"vdv}v?|v#sv=v{Gyv(vv9:J
G}hQh<vv+?hG}|vvQ*vvwvv+vv?GyvvWvv}vv9y+?,GyvvAvv,CLvvPJpvv,IvvTvv=vv98vv9G6Cvv9QG@vv9!vv=vv+vv?:SvvAvvMvvOGe
GC=+OGJp,v{|#GC"AG_hGCTA%zw_hf^Gyg9|?|#G}pQGO.

<vvWvvwvv{fvv9e@vvZvv=vvKGC=vv+vvOGJCvvvDvvQpvvgqvv9y+?<vv}vvQhQGyvvR|vv#,h|vv#GCAvv(svvhCf@vvAvvJvvTvv#
vvvDvv+vvQG

k
pvv,GyvvTvv"vv(GJGyvvgvvWvvQ*vv#Gyvvtvv9O|vv?.h@vvAvv}vvDvv{hFvv%vv?!vvdvvQYvv"vv9fvv?GC=vv+vvOGJ<vv9yvvAvvtvvOe

GAvvv9OKpvvv,Gyvvvwvvv+vvv}vvv+vvv9AGAvvv+vvv(*vvv?Gyvvv"vvv=vvv9@vvv+?(Plant Biochemistry),hGyvvvwvvv+vvv}vvv+vvv9AGyvvvgvvv]vvv(*vvv?
(Organic Chemistry),hh\vvhGyvv"vv}vv9PLGyvvOsvv+vvtvv?(G@vvRFvv+vv?)(Molecular Modeling)GyvvAvv,

hQOJIvv9y+9
k

FvvR*vv8vv9JJvvAvv9QIh!vvWvvavv?h<vv}vvgvvO:JGSvvAvvMvvOGeCsvv{G!vvMvvqvv9\vv9
k
<vvwvvDvv+vvQ|vv#

|vvgvvO:JGSvvAvvMvvOGeGC=vv+vvOGJGyvvTvv9<vvtvv?GCTvvAvvMvvO|vv?pvv,Gyvvgvvtvv(OGC9\vv+vv?.yvvtvvOG!vvMvvqvv]vvB

(17)Polly J. Hoppin [et al.], Reducing Reliance on Pesticides in Great Lakes Basin Agriculture

(Washington, DC: World Wildlife Fund, 1997).

(18)M. Kleiner, «United State Contribution to World Food Security,» (Mimeo, Environmental

Defense Fund, Washington, DC, 3 June 1996).
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|gO:JGSAMOGeGC=+OGJ|#2vvvvv5vk/$vvE]0,01vvvvv0,2vk/$vvvv..

pvv,fvv9e2020|vv#GCAvv(svvhCf@vvAvvJvvTvv#!vvdvv~QT
q

GC=vv+vvOGJ<vvJvv+vvE@vvAvv~pvv,GC"vv9_vvu
GCZvv9<vv?pvvtvvb,pvvAvvtvv"vv+vv9JG}svv}vv9QG:Yvvavv"vv9fvv+vv?<vvOCJ@vvTvvAvvMvvOepvv,GyvvRQGfvv?,hyvv%vv9pvv(GFvvO
vv=v+vQIh<vMv9Yv?<v9yv"vTv=v?E]GSvAvMvOGeGC=v+vOGJh<v9yv"vTv=v?E]fv}vz+?IvZvQGCMv9_vQGyv=v+v8v+v?.
yvvtvvO@vv~<vv"vv9AGyvv"vvdvv~GyvvAvvGvvQ*vv=vv+vv?GyvvAvv,@vvTvv9fvvOBy+?GSvvAvvMvvOGeGC=vv+vvOGJpvv,G}|vv9vvv#GC;Fvv}vv?
(GyvtvavhGCZv9<v?<v9SvAv}vQGQCh;vO*vOC!v(GYG}QG\v,).*v]v9aE]PyvxE|vwv9!v+?GSvAvMvOGe
!vvvvdvvvv~GCgvvvvzvvvv(|vvvv9JG@vvvvjvvvvQGpvvvv+vvvv?(Geographical Information Systems)yvvvvtvvvv+vvvv9SIvvvvTvvvv9Svvvv+vvvv?
Gy"=9@9JhGA+(G!9JGya=+g+?:SAMOGeGC=+OGJ(19).

<vvWvvwvv{fvv9e@vvAvv}vvDvv{hFvv%vv?!vvdvvQYvv"vv9fvv?GC=vv+vvOGJ<vvz!vv&SvvAvv(FvvO|vvTvvAvvtvv=vv;
k
|vv=vv+vvOGJ

Cpvv]vv{h:SvvAvvMvvOG|vv9J!vv(fvv+vv?,vvv}vv9Svv+vvJvvTvv#!vvdvv~GSvvAvvMvvOG|vv%vv9h@vv(Q*vvO$vv9;pvv9CRGQfvv(f
pvv,GyvvOhdGCAvvavv(QI*vvAvvJvv(yvv(fIvv9y+9

k
|vv#GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?GyvvDvvtvv+vvzvv?!vvJvv(Lvvzvvb

G:SvvAvvQG@vv+Gvv+vv9JGyvvAvv,@vvWvv}vv{GCQvvv=vv9Jivv+vvQGyvvwvv+vv}vv+vv9Fvv+vv?h*vvAvvQ@vv>fvv̂Pyvvx@vvtvvzvv[IvvGvv~
GC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?.hfvv̂$vvPGGBvvb@vvTvv+vvQGyvvgvvO*vvO|vv#GyvvOhdGCAvvavv(QI|vvDvv{:GyvvOG!vv}vvQc
hGyvvvTvvv(*vvvOh$vvv(yvvv"vvvOGGyvvvAvvv,h\vvvgvvvBGyvvvTvvv+vvv9Svvv9JhIvvvOOJG}$vvvOGaBvvvqvvv̂GSvvvAvvvMvvvOGe
GC=+OGJ<"T=?:@t{f#50p,GC8?IA)f9e2000.

Ef
q

|vgvdv~$vPgG:LvAvQGfv9Jpv,|vZv9!vhGC=v+vOGJhhSv9Fv{GSvAvMvOG|v97v9SvAv(FvOpv,
GyvOhdGCAvav(QI|vhGyvAv"vdv+v~GyvTvz+~CQGsv=v?Gyv=v+v8v?hG:LvAvQGfv9JGyvZv"v9fv+v?hGyvtv(IGyvWvQGFv+v?
Gyvvgvv9y+?yvvzvv}vvRGQfvv_.hyvvwvv#R*vv9OIGyvvavvzvv>Gyvv]vvMvv~fvv̂GC=vv+vvOGJLvv;dGyvvTvv"vv(GJGyvvvvv25
Gyvvvtvvv9O|vvv?,|vvv#GCAvvv(svvvhhFvvv(Ogpvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?Ivvv+vvvEGyvvv"vvv}vvv(GCAvvvRG*vvvOpvvv,E!vvvAvvv9LGyvvvjvvvPGA
yvAvz|v_G}|v#GyvjvPGFv,6v9.h<vjv+v9HGyvgv}v{GyvOh[hGyv(_v"v,Bvqv̂GSvAvMvOGeGC=v+vOGJpv,
GyvvOhdGyvv"vv9|vv+vv?,|vv#GCJvvAvv}vv{Cf@vvTvvAvv}vvQG::vv9$vv9JGAvv9y+?yvvAvvZvv"vv+vvhh@vvZvvO*vvQhGSvvAvvMvvOGe
GC=vvvv+vvvvOGJ,h<vvvv9yvvvvAvvvv9[@vvvvRG*vvvvOC\vvvvQGQ$vvvv9pvvvv,$vvvvPgGyvvvvOhd.h@vvvv=vvvvtvvvv)<vvvvtvvvv+vvvv?G}Vvvvv+vvvv9AG}LvvvvQi
|vAvTv9h*v?,CjGyvAvwv9y+rGC"vMvqv]v?,R*v9OIEYv9<v9JGCRGQfv_GyvZvjv9Qh|vAv(Svav,GyvOLv{
<T}+?,h$~G}vDQI9F?yR*9OIfQVGyjPGA}SQ$~p,GyT"(GJGyt9O|?.

QG<g9
k

:GyAt"+9JGy;v+}+9F+?p,|w9pJ?G6p9J
$vvv"vvv9c@vvvtvvv"vvv+vvv9JCLvvvQiyvvvAvvvJvvvTvvv_EOGQIG6pvvv9Jy+U<vvv9yvvv]vvvQhQICf@vvvAvvv(svvvrfvvv̂

GC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?.h@vvWvv}vv{$vvPgGyvvAvvtvv"vv+vv9J@vvQ<vv+?Gyvv"vv=vv9JhGSvvAvvMvvOGefvv(G|vv{GCwvv9pvvJvv?

(19)Morrod, «The Future: The Role of Pest Management Techniques in Meeting Future Food

Needs: Improved Conventional Inputs».
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Gyvv=vv+vv(yvv(Fvv+vv?ChGAvv+vv(*vv?,hvvvPyvvxGSvvAvvMvvOGeGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?GyvvAvv,SvvAvvTvv9$vv~<vvWvvwvv{Ch
<5LQp,;t+uGyA"}+?GyRQGf+?GCTAOG|?.

|v#GCgvQhahfv=vQsvQhffvO*vOI,hFv(O|vtv9h|v?_v=v+vgv+v?yvzv"v=v9@v9Jpv,Gyv"vdv9eGyv=v+v8v,
\vvOGyvvgvv(G|vv{GC}vvQ\vv?.h<vv}vvQhQGyvvR|vv#CFvvQiGCMvvAvvZvv(fhGyvv%vv(GIpvv,@vvQ<vv+?Gyvv"vv=vv9J,
7vvGvv+"9J<vv+#CYvv"vv9aG}!vv(GY !vvAvv9LCYvv"vv9aIvvTvv"vv?CvvvDvvQ|vvtvv9h|vv?yvv7pvv9J.pvv,GyvvtvvQf
GC9\vv,Evvwvv#|vvQ<vv(Gyvv"vv=vv9J<vv"vvGvv9M|vv#;vvTvv_|vvtvv9h|vv?GCJvv9Yvv+vv{yvv~|vvQGVh<vv"vvTvv=vv?Csvv{
|vvtvv9h|vv?yvvzvvJvvWvvQGJhCsvv{|vv#Pyvvxyvv7pvv9JGyvvgvvWvv=vv+vv?.vvvPyvvxCYvv=vvK|vvQ<vv(Gyvv"vv=vv9Jsvv9OQ*vv#
fvv̂@vvQ<vv+?fvvOICYvv"vv9ayvvzvv}vvJvvZvv(dGyvv(GIvvOPGJ|vvtvv9h|vv?Fvv+vvOIyvv~|vvQGVGyvvqvvavvQ*vv?,
IvOCv?@vzCv+vQG

k
pv,CFvRGAGyv"v=v9@v9JGBv9QFv+v?(pv(bSvavKGyvAvQ<v?)hvvPyvxG}|vQpv,|vtv9h|v?

Gyv"v+v}v9@v(OGhGyvqv+vQhSv9J.hfv̂vv{,$v"v9c5vvvvv10pv,GC8v?pvtvb|v#CYv"v9aGCJv9Yv+v{
GCRQhfv?Gy+(epv,Gyvgv9D<v"vByv%v9|vtv9h|v?\vOGAvWvQGJ,h1pv,GC8v?|v"v%v9pvtvb|vtv9h|v?
\vvvOG}fvvvWvvv9H.h|vvvhPyvvvxCYvvv=vvvJvvvB@vvvQ<vvv+?G}Yvvv"vvv9afvvv9y+?Gyvvvjvvvzvvv?|vvv#GCJvvv9Yvvv+vvv{|vvvDvvv{
Gyvtv}vKhG}QRhGyvPQI,|vh<v"v9AGCtv9h|v?pv,Gyv(svB!vqvTv&yvgvOIC!v(GY|v#G6pv9J,FvRAG

k

CS9S+9
k

|#GSAQG@+G+?R*9OIhC=9JGyjz
q
?.

h@vvQvvvRJ|vvgvvdvv~Fvv%vv(O@vvQ<vv+?Gyvv"vv=vv9JG}h](GC=vvwvvQI)fvv̂CSvvUh|vv=vv9O svv(G!vv+#
|v9!vO*v{GyvAv,$vOpvBE]R*v9OIiv;dGCJv9Yv+v{GyvjvPGFv+v?G}Sv9Sv+v?.yvtvOC!vAvGvBG}Yv"v9a
Gyvvvgvvv9y+?Gyvvvjvvvzvvv?G}h]:Gyvvvtvvv}vvvKhG}QRhG}svvv{G!vvvAvvvWvvv9QG

k
GyvvvPQIpvvv,GyvvvTvvvAvvv+"+vvv9J|vvv#GyvvvtvvvQf

GC9\vv,,h|vvDvvzvvBChvvv(q!vvBGyvvOfvv9|vv?G}h]yvvzvvDvv(QIGBvv]vvQGA,Ivv+vvECfvvavvBivv;:
k

fvv9y+?
f"OGSAMOGeG}S}OIhGC+9gGyw9p+?E\9p?E]GC=+OGJ.

|vvv#GC%vvv~FvvvOG
k

Cf*vvvAvvvPvvvvQYvvv9!vvvgvvv(GyvvvtvvvQGQGJCf
q

@vvvQ<vvv+?Gyvvv"vvv=vvv9J@vvvAvvvavvvzvvv>GyvvvAvvvRG|vvv9J
|vvTvvAvv}vvQIh_vv(*vvzvv?GCOi.pvv,$vvPGGCGvv9dYvv"qvvr|vvQ<vv(Gyvv"vv=vv9JGyvvqvvtvvOGAvv9Yvv{<vv9CJvv9Yvv+vv{
Gyvv"vv9@vvH|vv#G6pvv9Jvvvvvz<vvJvv(KGyvv(svv9*vv?y(Maintenance Research)pvv,GCtvv9eG}hdGyvvPj
*vvzLvvPGyvvtvvTvv~G}vvv=vvQhGCAvvRG*vvO|vv#|vv+vvRG!vv+9JGyvv=vvJvv(KGyvvRQGfvv+vv?,pvv=vv9yvv"vvTvv=vv?E]|vv+vvRG!vv+?
GyvzvGv"v?G:SvAvWv9Q*v?GyvOhy+?yvzv=vJv(KGyvRQGfv+v?(CGIAR)GCtvOQI<vvvv300|vz+(fOh:Q
*vvP$vv>|vv"vv%vv940vvvvv50pvv,GC8vv?yvv=vvJvv(KGyvv(svv9*vv?B!vvqvv?GyvvPvvvQ.E!vv&|vv#GC%vv~Cf@vvAvvPvvvQ
GAvvvwvvv(|vvv9JGyvvv(_vvv"vvv+vvv?hGC}vvv(yvvv(fGyvvvOhy+(fGAvvv9Fvvv?GC9Svvv?hGAvvvQFvvv?pvvv,Gyvvv(svvvB!vvvqvvvTvvv&
:SvAv}vQGQ<vJv(KGyv(sv9*v?hR*v9O7v9Lv;dGyvTv"v(GJGyvtv9O|v?,pv}v#OhfGC(GQOGC"v9Sv=v?
:<vO|v#Cf@vAvQGFvh<vJv(K@vQ<v+?Gyv"v=v9Jh@vZv=vKiv+vQsv9OQIfv̂G:SvAv}vQGQpv,@vzO*v?
GyvvOhQGC%vv~pvv,;vvTvv_hGSvvAvv}vvQGQ|vvtvv9h|vv?G6pvv9JGCJvv9Yvv+vv{GyvvjvvPGFvv+vv?GyvvQFvv+vvTvv?Gyvv"vv9|vv+vv?
pv,GC"v9_vuG:SvAv(GFv+v?.vvPyvx|v#Ohf@v(GpvQGyvAv}v(*v{GC;Fv~yv=vJv(KGyv(sv9*v?,:<vO
|vv#Cf@vvQ@vvqvvh!vvTvv=vv?GyvvqvvtvvOpvv,GCJvv9Yvv+vv{Gyvv"vv9:vv?|vv#G6pvv9JyvvAvvAvvjvvzvv>fvv̂Gyvv"vvGvv9Ivv9J
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GyvvvAvvv,;vvvtvvvtvvvBIvvvAvvv)G6fh<vvvMvvv9Yvvv?GCAvvvgvvvzvvvtvvv?<vvv9}Yvvv"vvv9aGCtvvv9h|vvv?yvvv7pvvv9JGyvvvgvvvO*vvvOI
GCTAMO|?I9y+9

k
.

|vvvv#Fvvvv%vvvv?CLvvvvQi,@vvvv|Ojfvvvv(G|vvvv{GCwvvvv9pvvvvJvvvv?GAvvvv+vvvv(*vvvv?(h$vvvv,fvvvv=vvvv9QIfvvvv#G}fvvvvOGA
Gyvvvavvv=vvv+vvvgvvv+vvv?yvvv7pvvv9J,h@vvvWvvv}vvv{GAvvvWvvvQGJhGCqvvvAvvvQSvvv9JhGyvvvgvvv(G|vvv{GC

o
}

rvvvQ\vvv?hGAvvv+vvv(G!vvv9J
G}LvvQiGyvvWvv=vv+vv%vv?<vv9 !vvTvv9f(vvv9yvvtvvQhO)),OhQG

k
|vv%vv}vv9

k
pvv,|vvwvv9pvvJvv?G6pvv9J.h@vvTvvAvvMvvOe

$vvPgGCwvv9pvvJvv?G}fvvOGAGAvv+vv(*vv?\vv}vv#cvvQha|vv=vv9VvvQICwvv9pvvJvv?:vv}vvgvv9JG6pvv9Jh@vvAvv=vvh
f9OIC;K|QGI{$,:

vvvvvGCwvv9pvvJvv?GAvv+vv(*vv?GyvvAvvtvvz+O*vv?:Ivv+vvE@vvAvvwvv+vvrG}fvvOGAGyvvavv=vv+vvgvv+vv?|vvhGyvv=vv+vv8vv?h@vv(\vvh
$PgG}fOGAp,|"9_u!W(AG6p?6Oa|%9=A%9.

vvvvv>vv9*vv?G}fvvOGAGyvvavv=vv+vvgvv+vv?GAvv9y+?pvv,Gyvv"vvdvv9eGyvv=vv+vv8vv,<vv9SvvAvvMvvOGeGyvvAvvavv=vv+vvtvv9JGyvvRQGfvv+vv?
hEOGQIGC(_#hR*9OI!W9_97~.

vvvvv!}(hR*9OI:}g9JG}fOGAGya=+g+?GCJz+?Y"9f+9
k
.

h@vvqvv+vvOGCwvv9pvvJvv?GAvv+vv(*vv?pvv,Lvvqvv̂Gyvvavvzvv>fvv̂GSvvAvvMvvOGeGyvvwvv+vv}vv+vv9Fvv+vv9Jvvv}vv9E8vv9
<vvvqvvv̂@vvvwvvv9y+rGCwvvv9pvvvJvvv?E\vvv9pvvv?E]vvvv(8vvv9|vvvTvvvAvvv}vvvQIPG@vvv+9

k
h:@vvvAvvvavvvzvvv>|vvvOLvvv;J|vvv#

GCRGQfvv_,h:@vv]vvQ<vvZvvJvv?G !vvTvv9fhGyvv=vv+vv8vv?.h*vv=vvOhCffvv(G|vv{GCwvv9pvvJvv?GAvv+vv(*vv?pvvgqvv9yvv?
<vvWvvwvv{Lvv9Upvv,|vvwvv9pvvJvv?:vv}vvgvv9JG6pvv9JGyvvOLvv+vvzvv?ChGyvvjvvQ*vv=vv?GyvvAvv,@vvAvvGvv&yvvzvvAvvwvv9CvvQ
GBvv]vvQjpvv,ivv+vv9HGCqvvAvvQSvv9JGyvvavv=vv+vvgvv+vv?pvv,Gyvv"vvdvv9eGyvv=vv+vv8vv,G@vvO*vvO.h|vv#\vv}vv#G6pvv9J
GyvvvAvvv,G!vvvAvvvWvvvQJfvvv=vvvQGyvvvAvvvGvvv9QIGyvvvOhy+?YvvvOCGyvvv=vvv#pvvv,Fvvv"vvv(HC|vvvQ*vvvwvvv9;hBpvvv?Svvv+vvvjvvv9@vvv(vvvv9

(Sigatoka)GyvvTvv(OGAyvvzvv}vv(Rpvv,C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?;hBpvv?Gyvv=vvtvvhGyvv"vv9Qjpvv,ChQh<vv9(Fire

Blight);hBp?Q*Rh|9!+9(Rizomania)f^GyW}"OQGyTwQj(20).

yvtvO@v=vzv(QJhfvQpvBChdIv9yv?yvzv}vwv9pvJv?GAv+v(*v?GAvO*vDv?pv,<vOG*v?fv9e1888Iv+vE
COLvvzvvBLvv"vv9pvvU|vvqvvAvvQSvv?|vv#CSvvAvvQGy+9Cwvv9pvvJvv?Bpvv?svvWvvQIhSvv9OIGyvvtvvavv#(Cottony Cushion

Scale),h$vv,!vv(YivvQ*vv>hGQO|vv#CSvvAvvQGy+9vvv9f9vv9Fvv~<vv9SvvAvv}vvQGQIvv9Yvv+vv{GAvv}vv]vv+vv9J
pv,vv9y+qv(Q!v+9(21).vvPyvx|v#GAv9:JhG}|vDvzv?G}vvDvQIvOGCv?yvzv}vwv9pvJv?GAv+v(*v?,iv+vQ
Gyvvvvvwvvvvv9Svvvvv9pvvvvv9,GSvvvvvAvvvvvgvvvvv}vvvvv9dGyvvvvv"vvvvv(Y(Anagyrus spp).Cwvvvvv9pvvvvvJvvvvv?Bpvvvvv?(Planococcus kenyae)

(20)Oereke [et al.], Crop Production and Crop Protection: Estimated Losses in Major Food and

Cash Crops.

(21)Centre for Agriculture and Biosciences (CAB International), Using Biodiversity to Protect

Biodiversity: Biological Control, Conservation, and the Biodiversity Convention (Uganda: UK CAB

International Cassava IPM in Kampala, 1994).
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CJZ(dGy=#p,v+"+9hGAWQGJGyaq+z+?Cw9pJ?Bp9JGA=(Hp,!+(R*z"OG(22).

<vvvvv+#fvvvvv9|vvvvv,1888h1994@vvvvv~EOLvvvvv9dCvvvvvvDvvvvvQ|vvvvv#5000|vvvvvOLvvvvv{|vvvvv#fvvvvv(G|vvvvv{
GCwvv9pvvJvv?GAvv+vv(*vv?yvvAvvzLvvP|vvwvv98vv9pvv,Gyvv=vv+vv8vv?,hD@vvqvvOGyvvOQGSvv9JGBvv9Yvv?6vv9E:<vv(Fvv(O
|W9v{IOhOIyztz+{|"%9(23).

yvvtvvOChQOJGyvvAvvtvv9Q*vvQGyvvgvvzvv}vv+vv?Cf
q

30pvv,GC8vv?h64pvv,GC8vv?|vv#<vvQG|vvHGCwvv9pvvJvv?
GAvv+vv(*vv?\vvOvvv{|vv#GAvvWvvQGJGyvvjvvQ*vv=vv?hG}fvvWvv9HGyvvjvvQ*vv=vv?svvO!vvGvvJvvBEvv9|vv9

k
.h<vvOJ

Gyvv=vvQG|vvHGyvv"vv9FvvJvv?@vvzvvtvv9Fvv+vv9
k
<vvMvvqvv̂|vvTvvAvv(iG6pvv?E]GAvvOG}O!vv),<vvJvv+vvE@vvZvv=vvKGC"vvavvtvv?

ivv+vvQ|vv%vvOOI|vvavvzvvtvv9
k

h:;vvAvv9L}*vv?|vv=vv+vvOGJvvv+vv}vv+vv9Fvv+vv?(24).yvvtvvOGSvvAvvMvvO|vvBGyvvWvvQvvv9J
GCAvvgvv9|vvzvv?<vv9Cwvv9pvvJvv?GAvv+vv(*vv?$vvPgGCOLvv;JGyvv(GQOI|vv#98Ohyvv?JvvAvvzvvqvv?,|vv"vv%vv957pvv,
GC8v?|v#GyvOhdGyv"v9|v+v?,h$v"v9c121Ohyv?pv,Gyvgv9D(!vZvqv%v9|v#GyvOhdGyv"v9|v+v?)_v=vtvB
v{|"%9|WQhf9

k
yz}w9pJ?GA+(*?f^G}s{(25).

yvtvOC!vAvGvB|v"vdv}v?G}ivP*v?hGyvRQGfv?GyvOhy+?hIvO$v9fv=vQ<vQ!v9|vHGCwv9pvJv?GAv+v(*v?
Gyvv(_vv"vv+vv?h<vv}vvTvv9fvvOIGCgvv%vvOGyvvgvv9C,yvv=vvJvv(KGCwvv9pvvJvv?GAvv+vv(*vv?,|vvTvv(vOI|vvgvv9$vvOIOhy+?
:SvvAvv+vvQGO|vvOLvv;JGCwvv9pvvJvv?GAvv+vv(*vv?|vv#GyvvWvvQvvv9JGC"vvAvvGvv?yvv%vv9,6vvOa\vv}vv9fSvv;|vv?
GCw9pJ?GA+(*?(26).

fvv̂|vvTvvAvv(iGyvvgvv9DGQ@vvqvvgvvBGCTvv9Ivv?GyvvRQGfvv+vv?GCwvv9pvvJvv?<vvavvQbGCwvv9pvvJvv?GAvv+vv(*vv?|vv#
400$vvvwvvvAvvv9Qfvvv9e1970E]14000$vvvwvvvAvvv9Qfvvv9e1991.yvvvtvvvOGSvvvAvvvgvvv}vvv{15!vvv(fvvv9

k
|vvv#

G}fvvvOGAGyvvvavvv=vvv+vvvgvvv+vvv?pvvv,|vvvwvvv9pvvvJvvv?18Bpvvv?Lvvv;dGyvvvqvvvAvvvQIGCPvvvv(QI(27).pvvv,vvvv(<vvv9CYvvv=vvvJvvvB
GCwv9pvJv?GAv+v(*v?yv7pv9J|v(\v(fv9

k
CSv9Sv+v9

k
pv,GyvTv+v9Sv?Gyv(_v"v+v?,Iv+vEVvGvgvBGAvwv(|v?

Gyvvvwvvv(<vvv+?GCRGQfvvv_fvvv̂@vvvavvv=vvv+vvvu|vvvqvvv9$vvv+vvv~GyvvvRQGfvvv?Gyvvvgvvv]vvv(*vvv?hfvvvOeGSvvvAvvvMvvvOGeGC=vvv+vvvOGJ
Gyw+}+9F+?,E:Cf

q
$PgGB=QGJGyw(<+?D@tOGyOhdG}LQiy;SAq9OI|"%9Ch@="+%9.

h@vvgvvAvv=vvQGCwvv9pvvJvv?GAvv+vv(*vv?GCAvvwvv9|vvzvv?(Integrated Pest Management (IPM))|vv#C$vv~
CVvwv9dGCwv9pvJv?GAv+v(*v?GyvAv,CLvPJ@vOLv{G:SvAvQG@v+Gv+v9JGyv=v+v8v+v?hGCAv(svhCf*vzLvP6v9
GCRGQfv(f!vdvQG

k
E]pv(GFvO$v9.Iv9y+9

k
@v(GFv&GCwv9pvJv?GAv+v(*v?GCWvwvzv?!vqvTv%v9GyvAv,@v(GFv%v%v9

(22)Oereke [et al.], Ibid.

(23)CAB International, Ibid.

(24)GCZOQ!qT&.
(25)GCZOQ!qT&.
(26)GCZOQ!qT&.
(27)Oereke [et al.], Ibid.
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GyvvvvAvvvvtvvvv"vvvv+vvvv9JG@vvvvO*vvvvOIG}LvvvvQi OGQIG6pvvvv9J(|vvvvWvvvvwvvvvzvvvv?GyvvvvAvvvvjvvvvzvvvv>fvvvv̂Svvvv(bGCwvvvv9pvvvvJvvvv?
<vv9yvvwvv+vv}vv+vv9Fvv+vv9J).vvvPyvvx@vvAvvavvzvv>Ivvzvv(dGCwvv9pvvJvv?GAvv+vv(*vv?GCgvvQpvv?G@vv+vvOIyvvzvv}vvRGQfvv_6vv9
vv(8v9y+TvBpvgqv9yv?vv9C=v+vO@vtvAv{GAvWvQIChG6pv?pv(QG

k
.h@vAv}vDv{GCWvwvzv?G}Sv9Sv+v?$v"v9pv,

|v9EPGvv9!vBGyvqv(GFvOGyv=v+v8v+v?hGC"v9pvhG}LvQiyvzv}vwv9pvJv?GAv+v(*v?@vqvgv{pvgvzv%v9Gyvgv9evvgv;L
Lvv9d|vv#Gyvvwvv+vv}vv+vv9Fvv+vv9J,h@vvWvvwvv{|vv"vv9pvvTvv9

k
svv(*vv9

k
yvvavvQbGCgvv9@vv9JG}LvvQih<vvMvv9Yvv?pvv,

GC=+OGJGyw+}+9F+?p,GyT(b.

L9|T9

k
:GyAt"+9JGA+(*?hhs9*?Gy"=9J

yvtvO>v{GyvQ<vhG}Lv+vQ|v#GyvtvQfGyvgvWvQ*v#GC9\v,|vgv&GyvAvjv+vQGJGyvOQG|v9@v+wv+v?pv,
GyvvvAvvvtvvv"vvv+vvv9JGyvvvRQGfvvv+vvv?h$vvv,Gyvvvtvvv9O|vvv?|vvv#GyvvvAvvvtvvv"vvv+vvv9JGAvvv+vvv(*vvv?(Biotechnology).h@vvvWvvv}vvv{
GyvAvtv"v+v9JGAv+v(*v?GyvRQGfv+v?GyvAvjv+vQGJpv,SvzvTvzv?LvZv9Fv[hSv}v9JGyv"v=v9@v9JhGAv+v(G!v9J
fv=vQGCgv9@v9JhOLv(dGyvwv9Fv"v9JGyvgv]v(*v?hLv;*v9$v9h!v(*qv97v9.yvtvOfvQqa|vwvAv>IvZvQ
GyvvAvvtvv"vv+vv9Jpvv,Gyvvwvv(!vvjvvQSG}|vvQ*vvwvv,GyvvAvvtvv"vv+vv9JGAvv+vv(*vv?<vvvv:zC*vv?@vvtvv"vv+vv?@vvTvvAvvgvv}vv{Gyvvwvv9Fvv"vv9J
GAvv+vv?GyvvOsvv+vvtvv?ChGC(GOGyvv"vv9:vv?|vv"vv%vv9yvvZvv"vvhCh;vv(*vvQ|vv"vvAvvH|vv96vvOa;vvTvv_Gyvv"vv=vv9@vv9JCh
GAvv+vv(G!vv9J,ChyvvAvvavv(*vvQvvv9Fvv"vv9JOsvv+vvtvv?:SvvAvvgvv}vv9:JLvv9Yvv?y(28).h@vvWvv}vv{GSvvAvvgvv}vv9:J
GyAt"+9JGA+(*?p,H9d;T_EOGQIG6p9J|9*\:

vvvvvGyvAvtv"v+v9JGyvAvWvMv+vZv+v?GCav(qQIyvAvJvTv_;vO*vOHvAv}vgv9JG6pv9JhJvzvqv9J|v=v+vOGJ
G}fW9H.

vvvvv|v=v+vOGJG6pv9JGAv+v(*v?Ch|v=v+vOGJG6pv9JGC+vwvQh<v+?GyvAv,@vTvAvgv}v{GC+vwvQh<v9J
|D{(Bacillus thuringiensis (Bt))hGy=9v(y(p9*QhS+R(Baculoviruses).

vvvvvfvvv}vvvz+?!vvvtvvv{G@vvv+"9JGyvvv(QGCvvv+vvv?yvvvzvvv"vvv=vvv9J$vvv"vvvOSvvv+vvv9
k

|vvvhR*vvv9OIGCtvvv9h|vvv?yvvvzvvvqvvv+vvvQhSvvv9J
hG6p9JhG}|QGV.

h<vvvPyvvvx@vvvjvvvavvv,GyvvvAvvvtvvv"vvv+vvv9JGAvvv+vvv(*vvv?|vvvOikhGSvvvgvvv9
k

|vvv#GyvvvAvvvtvvv"vvv+vvv9JhfvvvOOG
k

vvvv=vvv+vvvQG
k

|vvv#
GCJvv9Yvv+vv{,E\vv9pvv?E]|vvOikhGSvvh

m
C*vv]vv9

k
|vv#Gyvv=vvJvv(KGyvvgvvzvv}vv+vv?.h@vvgvvAvv=vvQRQGfvv?G}!vvTvvGvv?

h@vvwvv9CvvQGyvv"vv=vv9@vv9JGyvvOsvv+vvtvv?|vv#<vv+#GyvvAvvtvv"vv+vv9JGCWvv96vv?GCTvvAvvgvv}vvzvv?Ivv9y+9
k
pvv,GyvvOhdGyvv"vv9|vv+vv?.

h@vvgvvQafvv}vvz+?@vvwvv9CvvQGyvv"vv=vv9@vv9JGyvvOsvv+vvtvv?(Micropropagation)<vvz8vv9Gyvvgvv}vvz+?GyvvAvv,*vvAvv~6vv9
@vvwvv9CvvQGC9OIGyvv"vv=vv9@vv+?hGCTvvAvvgvv}vvQGJGyvv"vvMvv=vv?<vvTvvQfvv?<vvgvvOGLvvAvv+vv9Q|vvgvvdvv~Gyvv"vv}vv9PLGyvv"vv=vv9@vv+?

(28)G. Persley, «Biotechnology’s Promise,» in: Jock R. Anderson, ed., Agricultural Technology:

Policy Issues for the International Community ([n. p.]: World Bank; CAB International, 1994).
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GCQivv(<vv?.h*vv}vvwvv#Gyvvgvv(G|vv{GC
o
}

rvvQ\vv?(Pathogens)hfvv=vvQRQGfvv?G}!vvTvvGvv?,Cf@vv"vvdvvr|vv#
GC9OIGyvv"vv=vv9@vv+?h@vv"vvAvvH|vv9OIIvvQILvv9y+?|vv#GCQV(Disease-free Material)*vv}vvwvv"vv%vv9GyvvAvvwvv9CvvQ
GyvvTvvQ*vvh\vv}vv#Gyvv"vv=vv9J.Ef

q
@vvtvv"vv+vv9JRQGfvv?G}!vvTvvGvv?Svv%vvzvv?G:SvvAvvgvv}vv9d<vv}vv9pvv+vv&Gyvvwvvqvv9*vv?

yvvv;SvvvAvvvgvvv}vvv9dfvvv̂GCTvvvAvvv(iGCJvvv\,<vvvJvvv+vvvE@vvvgvvv}vvv{<vvvgvvv̂GC"vvvdvvv}vvv9Jivvv+vvvQGAvvvwvvv(|vvv+vvv?|vvvh
GCRGQfvvv_PhjGC(GQOGCJvvvOhOIfvvv̂GSvvvAvvvwvvvWvvv9aE|vvvwvvv9!vvv+9J@vvvavvv=vvv+vvvuRQGfvvv?G}!vvvTvvvGvvv?
GCJz+?h|W9Q*hGyAw9CQGy"=9OGyOs+t?.

$vvPGh*vvqvv]vv{GyvvgvvO*vvO|vv#Gyvvgvv9|vvz+#pvv,Hvv9d|vvwvv9pvvJvv?G6pvv9J,|vv=vv+vvOGJG6pvv9J
GA+(*?(Biopesticides)f#|=+OGJG6p9JGyw+}+9F+?hPyxy~S=9HGyA9y+?:

vvvvv:@
o
=t,<t9*9\9QI.

vvvvv:;a~Gyw9F"9JGyOs+t?GCq+OIh$,PGJC$OGaIOOI.

vvvvv@vvWvvGvvh!vv}vv(G}fvvOGAGyvvavv=vv+vvgvv+vv?\vvOG6pvv9J,h<vv9yvvAvv9[<vvqvv̂|vv#IvvGvv~Gyvvavvzvv>
f^GSAMOGeGC=+OGJGyw+}+9F+?.

|vtv9<v{$vPgGyvqv(GFvO$v"v9cC*v]v9
k
<vgv̂Gyvtvzvu*vAv}vDv{<vzf

q
|v=v+vOGJG6pv9JGAv+v(*v?svO

:@vvwvv(fvvv9pvv+vv?ChQLvv+vvZvv?vvv}vv9$vv(GAvv9d<vv9yvv"vvTvv=vv?E]Gyvvwvv+vv}vv+vv9Fvv+vv9J,h@vvOLvv{GyvvWvvQvvv9J
GC"vAvGv?C=v+vOGJG6pv9JGAv+v(*v?vv{|v#:Gyvavqv+vz+9J,GCqvAvQSv9J,GyvqvavQ*v9J,Gyv=vwvAv+vQ*v9
\vv}vv#GYvvavv;M|vv=vv+vvOGJG6pvv9JGAvv+vv(*vv?vvv(8vv9G}fvvOGAGyvvavv=vv+vvgvv+vv?yvv7pvv9J.E\vv9pvv?E]
G}!vv(GYGCPvvv(QI,$vv"vv9c<vvgvv̂GC"vvAvvGvv9JGyvv"vv=vv9@vv+?|vvDvv{!vv+~(Neem)*vv}vvwvv#GSvvAvvMvvOG|vv%vv9
C*]9

k
v}=+OI+(jy7p9J(29).

Ef
q

GC=vvvv+vvvvOGAvvvv+vvvv(jyvvvv7pvvvv9J(Bacillus Thuringienses) (Bt))*vvvvgvvvvAvvvv=vvvvQG}vvvvvDvvvvQ|vvvvgvvvvQpvvvv?
hG!vvAvvWvv9QG

k
h<vvJvvDvv9

k
yvvOiGyvvWvvQvvv9JGCAvvgvv9|vvzvv?<vv9Cwvv9pvvJvv?GAvv+vv(*vv?yvv7pvv9J,!vvdvvQG

k
E]vvv(!vv&

GC+vvvwvvvQhHGC"vvvAvvvH!vvv(fvvv9
k

|vvv#Gyvvv=vvvQh@vvv+#GBvvv9UGyvvvqvvvgqvvv9d\vvvOfvvvOOIvvvOhO|vvv#GAvvvWvvvQGJ;
pvv9yvvTvv;:JGyvvgvvO*vvOIhGCMvvAvvzvvqvv?yvvvv(Bt)@vvTvvAvvgvv}vv{\vvOGyvvgvvO*vvO|vv#G6pvv9JGCMvvAvvzvvqvv?C*vv]vv9

k
;

pvv}vvDvv;
k
EIvvOi$vvPgGyvvTvv;:J@vvtvvAvv{*vvQsvv9JGyvvqvvQGVvv9Jh$vv,|vv;Fvv}vv?:vv9Q*vv9

k
yvvwvv,;vvqvve

CvvvDvvQ|vv#30Svv"vv?<vvWvvwvv{|vvTvvJvv(b,h<vvJvv+vvE*vv}vvwvv#QV
q
vv&fvv̂CSvvavvKChQGbGyvv"vv=vv9J,

h<vv9yvvAvv9[EvvAvv[Gy+Qsvv9JChGyvvqvvQGVvv9Jvvv}vv+vv?vvv9pvv+vv?|vv#GCTvvJvv(bpvvAvv}vv(JCvv~@vvzOG}fvvOGA
GAvv+vv(*vv?Gyvvavv=vv+vvgvv+vv?yvv7pvv9JpvvAvvzvvv{G}hQGbGCQVvv(Vvv?<vv9CTvvJvv(b|vv#OhfCj@vvzCvv+vvQpvv+vv%vv9.
Ivv9y+9

k
*vvTvvAvvMvvOe(Bt)pvv,GyvvwvvDvv+vvQ|vv#GyvvOhdGyvv"vv9|vv+vv?h<vvMvv9Yvv?pvv,vvv(<vv9GyvvAvv,GSvvAvvMvvO|vvAvv&

(29)Ghayur Alam, «Biotechnology and Pest Control: The Case of India,» paper presented at:

Pest Management, Food Security, and the Environment: The Future to 2020.
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<vvWvvwvv{hGSvvhhGfvvAvv=vvQ@vv&Lvv+vv9QG
k
<vvO*vv;

k
|vv=vvwvvQG

k
|vvwvv9fGyvvwvv+vv}vv+vv9Fvv+vv9J,hPyvvxpvv,EOGQISvv(Svv?

(Diamondback)hpv,EOGQIBpv9JGCzvqv(apv,GC"v9_vuG6Sv+v(*v?G:SvAv(GFv+v?GCQ@vqvgv?.$vPG
hyvvv&GyvvvtvvvOQIfvvv̂GIvvvAvvv(GA|vvv#2vvvvv3C!vvv(GY|vvv#Gyvvvavvvqvvv+vvvz+9JGBvvv9Yvvv?<vvv9yvvvTvvv(Svvv?yvvvAvvvgvvv(OE]
Gyv"vtvav?GyvAv,!vJvAv9LGSvAvgv}v9d|v=v+vOG6pv?GAv+v(j<vWvwvzv&GCJvOhO,<vJv+vE*v}vwv#GyvavQb
GyRQGf+?G}LQiCf@q,<9A9F?(30).

@vvgvvAvv=vvQVvvGvvQI!vv+~(Neem)h|vv"vvAvvGvv97vv9GCMvvAvvzvvqvv?|vv#C$vv~|vv"vvAvvGvv,|vv=vv+vvOGJG6pvv9J
Gyvv"vv=vv9@vv+?h$vv,;vv(jvvv+vv}vv+vv9Fvv+vv9JfvvO*vvOI@vv|CvvQpvv,fvv}vvz+9JGyvv%vv]vv~hGyvvAvv"vv9Svv{yvvgvvOO|vv#
G6pv9JGC%v}v?.vv}v9@vgv}v{$vPgGyvWvGvQIC*v]v9

k
vv}v]v9O@vjvP*v?h*vTvAvgv}v{R*vAv%v9\vO|vQV

\vvgvvrG}hQGbh<vvMvv9Yvv?CJvvZvv(dG}QR,hIvvWvvQI$vv+vvz+(Cvv+vvU(Heliothis)fvv̂Gyvv=vv9R:A
hGC#hGyvvO*vvOGfGyvvwvvQh*vv?fvv̂Gyvvtvvavv#.pvv,GAvvtvv+vvtvv?$vv"vv9c200!vv(Y|vv#GAvvWvvQGJ*vv}vvwvv#
|vvwvv9pvvJvvAvv%vv9<vvWvvGvvQIGyvv"vv+vv~,E:Cf

q
$vvPgGyvvWvvGvvQI@vvgvv9P<vvgvv̂GCWvvwvv;J|vvDvv{G!vvMvvqvv9V

GyvTv}v+v?hGQ@vqv9YIvAv(G$v9|v#GyvR*vB,h<v9yvAv9[@v(GFv&:v9Q7v9fvOOG
k

|v#GyvZvgv(<v9J<v9yvQiv~
|#EK9<+979Gya=+g+?Gyqg9y?GygO*OI<9fA=9Q$9|=+OBp?.

h<vv9yvvQivv~|vv#=vv+vvhGyvvZvvgvv(<vv9JGCQGpvvtvv?yvvAvvzSvv+vvUhGSvvAvvMvvOGeGCwvv9pvvJvv9JGAvv+vv(*vv?
 OGQIG6pvvvv9J,pvvvv{f

q
svvvvavvvvQG

k
hGIvvvvOG

k
fvvvv̂G}svvvv{h$vvvv(vvvvv(<vvvv9svvvvO;vvvv(qd|vvvv#GCwvvvv9pvvvvJvvvv?

GyvvAvvtvvz+O*vv?E]GCwvv9pvvJvv?GAvvQI|vv#Gyvvwvv+vv}vv+vv9Fvv+vv9JCjE]GCwvv9pvvJvv?Gyvvgvv]vv(*vv?yvv7pvv9J.$vvPG
GyvvAvvJvv(dC|vvzvvAvv&Gyvv]vvQhQIGyvvAvv,QGpvvtvvBG:8vv+vv9QGyvvPjIvvOKpvv,Svv(bGyvvTvvwvvQ<vvAvvzCvv+vvQ
Sv(bYvQaGyvgv}v;JG}Fv"v=v+v?,hGyvAv,Cfv9svBfv}vz+9JGSvAv+vQGOGC=v+vOGJGyvwv+v}v+v9Fv+v?.
yvvtvvO<vvOGhG\vvJvv9

k
Cf
q

GyvvTvvzvvavv9JGyvvwvv(<vv+?svvOIvvtvvtvvB!vvGvv9Ivv9
k

!vvTvv=vv+vv9
k

pvv,@vvZvv"vv+vvhh@vv(R*vvh
GC=vv+vvOGJGAvv+vv(*vv?,h@vvWvvGvv+vvhGyvvRQGfvv?Gyvvgvv]vv(*vv?<vv+#Yvvjvv9QGCRGQfvv_GC"vvAvvGvv_yvvzvvjvvPGA
<vvv9yvvvOQFvvv?G}h],h<vvv9yvvvAvvv9[G!vvvAvvvtvvvzvvvBvvvv(<vvv9|vvv#GyvvvRQGfvvv?GyvvvAvvvtvvvz+O*vvv?E]GyvvvRQGfvvv?Gyvvv=vvvO*vvvzvvv?

(Cubas Technological Change: From Conventional to Alternative Agriculture).
h*vvvvgvvvv(OGyvvvvTvvvv=vvvv>GC=vvvv9VvvvvQyvvvvPyvvvvxE]fvvvvOe@vvvv(Q*vvvvOGyvvvvOhdG:VvvvvAvvvvQGvvvvv+vvvv?GyvvvvTvvvv9<vvvvtvvvv?(G:;vvvv9O
GyvvTvv(pvv+vv9OGyvvTvv9<vvu)GC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?E]vvv(<vv9(80pvv,GC8vv?|vv#Ivv9FvvAvv%vv9)<vvgvvOG8vv+vv9Q
fvv;svvAvv%vv9GyvvAvvGvv9Q*vv?<vv}vv"vvdvv(|vv?GyvvOhdG:VvvAvvQGvvv+vv?GyvvTvv9<vvtvv?Lvv;dGyvvqvvAvvQI1989vvvvv1990.

yvvtvvOEvvDvv{CIvvOQOhOG}pvvgvv9dyvvzvvJvvwvv(|vv?Gyvvwvv(<vv+?pvv,@vvWvvGvv+vvhhEIvv;dGyvvRQGfvv?Gyvvgvv]vv(*vv?
hGyvvtvvQ*vv=vv?|vv#Gyvvgvv]vv(*vv?|vvwvv9fGyvvRQGfvv?GyvvAvvtvvz+O*vv?,h<vv9yvvAvv9[GSvvAvv=vvOGdGC"vvAvvGvv9JGyvvwvv+vv}vv+vv9Fvv+vv?
GCTvAv(QOISv9<vtv9

k
<vAvtv"v+v9J:vv+v}v+v9Fv+v?.hVv}vzvB$vPgGyvAvtv"v+v9JG@vO*vOIGSvAvgv}v9dCYv"v9a

GCJvvvv9Yvvvv+vvvv{GCtvvvv9h|vvvv?,GyvvvvOhQGJGyvvvvRQGfvvvv+vvvv?,GSvvvvAvvvvgvvvv}vvvv9dG}fvvvvOGAGAvvvv+vvvv(*vvvv?Gyvvvvavvvv=vvvv+vvvvgvvvv+vvvv?

(30)J. Waage, «Divergent Perspectives on the Future of IPM,» paper presented at: Ibid.
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yvvzvvJvvWvvQGJ,hvvvPyvvxGSvvAvvMvvOGe|vv=vv+vvOGJG6pvv9JGAvv+vv(*vv?GC"vvAvvGvv?Ivvz+9
k
.<vvJvvzvv(d|vv"vvAvvZvvr

GyvvvvAvvvvTvvvvgvvvv+"+vvvv9J|vvvv#GyvvvvtvvvvQfGC9\vvvv,,CYvvvv=vvvvJvvvvBvvvvv(<vvvv9EIvvvvOiC<vvvvQROhdGyvvvvgvvvv9Dpvvvv,E!vvvvAvvvv9L
hGSAMOGeGygO*O|#$PgGC=+OGJGA+(*?y7p9J.

yvtvO@v(GpvQyv%vPgGyvOhyv?GBv=vQIGC=vwvQI\v}v#<vQ!v9|vHGCwv9pvJv?Gyv=v+v(yv(Fv+v?ChGAv+v(*v?
Gyvvvtvvv9Fvvv~fvvv̂@vvv"vvvWvvv8vvv?fvvvOOvvvv=vvv+vvvQCh\vvvMvvv~|vvv#Gyvvvavvvqvvv+vvvz+9J.hsvvvO!vvvGvvvK$vvvPGGyvvv=vvvQ!vvv9|vvvHpvvv,
GSvvAvvgvv}vv9dP<vv9<vv?_vvqvv+vvz+?pvv,|vvwvv9pvvJvv?Cvv9svv=vv?svvZvv>GyvvTvvwvvQ(Cane Borer),hpvv,|vv"vv9_vvu
Vvv9Svvgvv?|vv#IvvZvv(dsvvZvv>GyvvTvvwvvQ.vvvPyvvxGSvvAvvgvv}vvzvvB$vvPgGyvvOhyvv?G}fvvOGAGyvvavv=vv+vvgvv+vv?pvv,
|vvvwvvv9pvvvJvvv?Bpvvv9Jsvvvavvvgvvv9fGAvvv+vvv(G!vvv9J<vvv9CQGfvvv,hIvvv9Yvvv+vvv{GyvvvAvvv=vvvkhGyvvv=vvv"vvvOhQIhGyvvvwvvv9Svvv9pvvv9
hGCJvv9Yvv+vv{G}LvvQi.yvvtvvOEvvDvvzvvBEIvvOiGyvv"vvGvv9Ivv9JGyvv=vv9QRIGC=vvwvvQIpvv,GSvvAvvgvv}vv9dGyvv"vvJvv{
GCQ<vv)pvv,Gyvv=vvJvv+vvQGJCwvv9pvvJvv?Svv(Svv?Gyvv=vvavv9_vv9GAvvzvv(ICIvvOC$vv~|vvZvv9OQGyvvjvvPGAG}Svv9Svv+vv?
pvv,vvv(<vv9.G@vvOhdGyvvAvv9[*vv(\vvKG !vvAvv9LGyvv(_vv"vv,yvv~!vv(GYGCMvvAvvzvvqvv?|vv#|vv=vv+vvOGJG6pvv9J
GA+(*?p,v(<9L;dGyg9|_1993h1994.

G@OhdQs~(6vvvvv2)
E!A9Lv(<9|#|=+OGJG6p9JGA+(*?p,f9e1994

f(G|{GCw9pJ?GA+(*?1994(_#)

|w9pJ?GAWQGJ

Bacillus thuringienses1312

Beauveria bassiana781

Verticillium leucanni196

Metarhizium anissopliae142

|w9pJ?C|QGVGy"=9J

Trichoderma spp.2842

|w9pJ?Gy"+}9@(OG

Paecilomyces lilacinus173

GCZvvvvvvvOQ:Beatriz Diaz, «Biotechnologia Agricola: Estudios de caso en Cuba,» paper presented at:

The Nineteenth Annual International Congress of the Latin American Studies, 1997.

yvvvtvvvOG@vvv=vvvgvvvBGAvvvwvvv(|vvv?Gyvvvwvvv(<vvv+?|vvvTvvv9Q*vvv# !vvvAvvv9L|vvv=vvv+vvvOGJG6pvvv9JGAvvv+vvv(*vvv?;EvvvDvvv{
CIvvvOGvvv9fvvv=vvvQVvvv=vvvwvvv?GBvvv}vvv9FvvvQ(Brewers Fermenters)GyvvvAvvv,Yvvv"qvvvgvvvBGC"vvvAvvvGvvv9JGyvvvZvvv"vvv9fvvv+vvv?
yvvzvv(IvvOGJG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?Gyvvwvv=vv+vvQI(vvv}vv9$vv(GAvv9d<vv9yvv"vvTvv=vv?E]|vvRGQYGyvvOhyvv?GyvvTvv9<vvtvv?
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hGyvvvAvvvgvvv9h!vvv+9JGyvvvwvvv=vvv+vvvQI);hEvvvDvvv{GCTvvv9QGyvvvDvvv9Pfvvv=vvvQG !vvvAvvv9LGAvvvQpvvv,.yvvvtvvvOC!vvvWvvvzJGAvvvwvvv(|vvv?
Gyvwv(<v+?|v|SvTv?vv(<v+?pvQ*vOI|v#!v(fv%v9Sv}v+vB|vQGvvRE!vAv9LBvv;JGAvWvQGJhGyvavqv+vz+9J

(Centers of the Production of Entomophages and Entomopathogens (CPEE)).h*v}vDv{
vv{|vQvvR(CPEE)hIvOI|vAv(G\vgv?!vTv=v+v9

k
EvAvzvxGyvAvGv%v+vRGJGAvO*vDv?hGyvAv,@vtv(d:z;v+v?

yvvvzvvvAvvvtvvv"vvv+vvv?(High-Tech)y<vvvwvvv{GCtvvv9*vvv+vvvU.h@vvvOGQh@vvvgvvv}vvv{$vvvPgGyvvv(IvvvOGJ|vvv#svvv=vvv{GyvvvAvvvtvvv"vvv+vvv_
GCJvvvvvz+_GyvvvvvP*vvvvv#@vvvvvOQ<vvvvv(GFvvvvv+vvvvvOG

k
|vvvvv#Gyvvvvv"vvvvv9Ivvvvv+vvvvv?Gyvvvvvgvvvvv}vvvvvz+?.h*vvvvvAvvvvv(svvvvvrE!vvvvvAvvvvv9LGCQvvvvvvR|vvvvv#

(Entomopathogens)hGyvvqvvavvQ*vv9Jfvv̂!vv(YGCJvv9Yvv+vv{GCRQhfvv?Ivvz+9
k
.h*vvtvvOeGCQvvvRE!vvAvv9Fvv&

E]GC"vvvdvvv}vvv?GyvvvtvvvQ*vvv=vvv?|vvv"vvv&(=vvvgvvv+vvv?@vvvgvvv9h!vvv+?Ch|vvvRQfvvv?Ohyvvv?),Ch*vvv=vvv+vvvhE!vvvAvvv9Fvvv&E]GC"vvvAvvvGvvv_
GCGv9hQ*v#yv&6vOa@vjvav+v?GyvAvwv9y+r.pv,|v"vAvZvrGyvAvTvgv+"+v9J|v#GyvtvQfGC9\v,hFvOpv,
v(<9CvDQ|#220|QvRG

k
(CPEE)@tOeGCOL;JhGBO|9Jyz}"AG_.

h@vgvAv=vQGyv%v"vOSv?Gyv(QGCv+v?EIvOiGyvAvtv"v+v9JGAvO*vDv?(Genetic Engineering as Recent

Trends)yvvvv"vvvvtvvvv{G@vvvv+"9JG@vvvv+vvvvOIGyvvvvZvvvvqvvvv9J|vvvv#Gyvvvv"vvvv=vvvv9@vvvv9JChGAvvvv+vvvv(G!vvvv9JE]Gyvvvv"vvvv=vvvv9@vvvv9J
hGAvv+vv(G!vv9JG}LvvQifvv#_vvQ*vvu!vvtvv{hE\vv9pvv?Gyvvvvv(DNA)|vv#GCZvvOQG}hdE]GCZvvOQ
GyvvvDvvv9P.EfG!vvvO|vvv9LG@vvv+"9Jpvvv,!vvv=vvv9@vvv9JGCJvvvZvvv(d,*vvv|OjE]E!vvvAvvv9LSvvv}vvv(eCwvvv9pvvvJvvv?
G6pvv9Jh<vv9yvvAvv9[*vvtvvzvv[@vvgvvQVGyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?yvv%vvPgGyvvTvv}vv(e.Ef

q
!vvtvv{Fvv+"9JGyvv=vvPhQ

GCtvv9h|vv?yvvzvvJvvWvvQI,svvO*vvtvvzvv[GAvv9Fvv?E]GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?,vvv}vv9*vv}vvwvv#
f(G|{GCw9pJ?GA+(*?Cf@Z"hGvAW9p9JCvDQ<{OL9d$"OS?GyT}(e.

Ivv9y+9
k
@vv~q@vvavv(*vvQh!vvtvv{Fvv+"9JyvvtvvQG<vv?40IvvZvv(:

k
<vv}vv9pvv+vv%vv9GyvvPQI,G}QR,pvv(d

GyvvZvv(*vv9,Gyvvtvvavv#,Gyvv=vv"vvOhQI,Gyvv=vvavv9_vv9,hGyvvwvv9!vv(:Cj|vvgvvdvv~GCJvv9Yvv+vv{GCTvvAvvMvvO|vv?pvv,
GyvvvOhdGCAvvvavvv(QI.C|qvvv9GCJvvv9Yvvv+vvv{svvv+vvvOG:SvvvAvvvgvvv}vvv9dGyvvvAvvvGvvv9Qjpvvv%vvv,pvvv(dGyvvvZvvv(*vvv9hGyvvvPQI
hGyvvvtvvvavvv#hGyvvv=vvvavvv9_vvv9hGyvvvwvvv9!vvv(:,hvvvvPyvvvxGyvvvDvvv}vvvQ*vvv9JhGBvvv]vvvQhGyvvvAvvv=vvvk.h|vvvgvvvdvvv~$vvvPg
GCJ9Y+{PGJF+"9J|t9h|?C=+OGJG}fW9HC!AGBp,GyOhdGCAa(QI.

pvv,GyvvTvv"vv(GJG}Lvv+vvQIGSvvAvvDvv}vvQGyvvtvvavv9YGBvv9UvvvDvv+vvQG
k
pvv,Gyvv=vvJvv(KGyvv(QGCvv+vv?hGyvvAvv"vv}vv+vv?

6vvOaE!vvAvv9LIvv9Yvv+vv{Lvv9y+?|vv#G}CvvQGCAvv=vvtvv,:SvvAvvgvv}vv9dGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?(h|vv#Ohf
Lvvvqvvv̂Gyvvvjvvv;d).yvvvtvvvO@vvvTvvv9QfvvvBGyvvv"vvvAvvv9FvvvH<vvv"vvvGvvv9M,pvvvqvvv,fvvv9e1996h<vvvgvvvO15fvvv9|vvv9

k
|vvv#

Gyvv=vvJvvEhGyvvAvv"vv}vv+vv?,CYvv=vvJvvBGCJvv9Yvv+vv{GyvvTvvzvvgvv+vv?G}h]Gyvv"vv9FvvJvv?:vv9Q*vv9
k

|vvAvv(GpvvQI,pvvtvvO
G!vvAvvWvvQJRQGfvv?Gyvv=vvPhQGCgvvOyvv?hQGCvv+vv9

k
yvvwvv{|vv#pvv(dGyvvZvv(*vv9hGyvvPQIhGyvvtvvavv#hGyvvwvv9!vv(:

hGyvvv=vvvavvv9_vvv9<vvvWvvvwvvv{OQG|vvv9@vvv+wvvv,,|vvv"vvvPCfG@vvvTvvvgvvvBRQGfvvvAvvv%vvv9pvvv,vvvv{|vvv#Gyvvv(:*vvv9JGCAvvvJvvvOI
G}|vQ*vwv+v?h<vWvwv{Csv{pv,vv"vOGhG}QFv"vAv_,h<vMv9Yv?<v9yv"vTv=v?E]IvZv(dpv(dGyvZv(*v9.
hhpvvtvv9

k
yvvzvv}vvgvvzvv(|vv9JGyvv(GQOI|vv#VvvQvvv?|vv(!vvTvv9!vvAvv((Monsanto),pvv{f

q
GCwvvAvvWvvrhGCavv(qQ

G@vvO*vvOCJvv9Yvv+vv{Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?svvOG|vvAvvOqCvvvDvvQ|vv#19|vvz+(fCvvvQ(Acre)(4200e2)
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|vv#|vv"vvAvvGvv9J|vv(!vvTvv9!vvAvv(fvv9e1997,CjSvvAvv?C\vvgvv9a|vv9vvv9ffvvz+&GAvv9dfvv9e1996.

hyvvvvtvvvvORGOJ$vvvvPgGyvvvvWvvvvQvvvvv?|vvvv=vvvv+vvvvgvvvv97vvvv9fvvvv9e1998|vvvv9<vvvv+#2vvvvv4C\vvvvgvvvv9a|vvvv#vvvvv{|vvvv#
Ivv9Yvv+vv{pvv(dGyvvZvv(*vv9hGyvvPQIhGyvv=vvavv9_vv9GCgvvOyvv?ChGCJvvTvv"vv?hQGCvv+vv9

k
@vvtvvQ*vv=vv9

k
.yvvtvvOsvvOQJ

|vvvv|SvvvvTvvvv?pvvvv(dGyvvvvZvvvv(*vvvv9G}|vvvvQ*vvvvwvvvv+vvvv?Cf
q

30pvvvv,GC8vvvv?,25pvvvv,GC8vvvv?,h40pvvvv,GC8vvvv?|vvvv#
|vvTvv9Ivv9Jvvv{|vv#pvv(dGyvvZvv(*vv9hGyvvPQIhGyvvtvvavv#pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,svvO
RQfB<9y=PhQGCgOy?hQGC+9

k
f9e1998h|#=+hGCZ9OQ(31).

<vvvWvvvwvvv{fvvv9e,|vvv#GCJvvvAvvv}vvv{hFvvv(O@vvvzCvvv+vvvQ_vvvqvvv+vvvryvvvzvvvAvvvtvvv"vvv+vvv9JGAvvv+vvv(*vvv?pvvv,>vvv9*vvv?
GCJvv9Yvv+vv{pvv,GyvvOhdGyvv"vv9|vv+vv?Lvv;dGyvvTvv"vv_GyvvgvvWvvQGyvvtvv9O|vv?,pvv,Ivv_Svv+vvwvv(fyvvwvv{|vv#
RQGfvv?G}!vvTvvGvv?,fvv(G|vv{GCwvv9pvvJvv?Gyvv=vv+vv(yvv(Fvv+vv?,|vvwvv9pvvJvv?GC=vv+vvOGJGAvv+vv(*vv?hGyvvAvvwvv9CvvQ
Gyvv"vv=vv9OGyvvOsvv+vvu@vvzCvv+vvQGJCvvv=vvQpvv,$vvPgGyvvOhd.h|vv%vv}vv9*vvwvv#pvv{f

q
CCvvQGyvvAvvtvv"vv+vv9JGAvv+vv(*vv?pvv,

RQGfvv?GyvvOhdGyvv"vv9|vv+vv?<vvJvvzvv(dQ<vvhGyvvtvvQfGyvvtvv9Oe,SvvAvvwvv(fEKvv9<vv+?Ch|vvgvv"vv(*vv?,h<vv9yvvAvv9[
pvvvvv}vvvvv#GC%vvvvv~Cf@vvvvvAvvvvvMvvvvvPh@ovvvvvgpvvvvvO

q
Ivvvvvwvvvvv(|vvvvv9JGyvvvvvOhdGyvvvvv"vvvvv9|vvvvv+vvvvv?G:SvvvvvAvvvvvQG@vvvvv+Gvvvvv+vvvvv9JGBvvvvv9Yvvvvv?

<9:SAD}9QGJGCTAt=z+?p,GyAt"+9JGA+(*?.

EfG<vv9PGyvvtvvQGQ<vv9:SvvAvvDvv}vv9Qpvv,GyvvAvvtvv"vv+vv9JGAvv+vv(*vv?GyvvRQGfvv+vv?yvv(svv9*vv?Gyvv"vv=vv9Jpvv,GyvvOhd
Gyvv"vv9|vv+vv?C|vvQ|vvgvvtvvO,hPyvvx<vvTvv=vv>GQ@vvqvv9YGyvvAvvwvv9y+r|vv#Fvv%vv?,hGyvvAvvgvv9hf|vvhGyvvtvvavv9YGBvv9U
Gyvvgvv9C,Gyvvtvv9OQfvv̂G<vv9PGyvvtvvQGQGJG:SvvAvvDvv}vv9Q*vv?|vv#Fvv%vv?CLvvQi.hKvv>fvv̂Gyvv=vvzvvOGfGyvv"vv9|vv+vv?
@vvZvv}vv+vv~Gyvv=vvQG|vvHGyvvavv(*vvzvv?GCOihGC"vvavvtvv+vv?,|vvhG<vv9PGyvvtvvQGQGJGyvv(G\vvJvv?Ivv(dGSvvAvv+vvQGO
Gyvqv+vQhSv9Jh|v"vAvGv9JGyvAvtv"v+v9JGAv+v(*v?yvzv=vJv(KGyv(_v"v+v?.h*v=vOhCfGyvOhdGyv"v9|v+v?G}vvDvQ
@vvavv(QG

k
|vv#Gyvv"vv9Ivv+vvAvv_G:svvAvvZvv9O*vv?hGyvvAvvtvv"vv+vv?,|vvDvv{G}QFvv"vvAvv_hGyvvZvv_hGyvv%vv"vvOhE!vvOh!vv+Tvv+vv9

hGyvvv=vvvQGR*vvv{,$vvv,Gyvvvtvvv9OQIfvvv̂h\vvvhGC(GQOGC9y+?hGC(GQOGyvvvgvvvtvvv;!vvv+?G}LvvvQi(Gyvvvwvvv+vvv}vvv+vvv9A
GAv+v(*v?,Gyv%v"vOSv?Gyv(QGCv+v?,G}Iv+v9AGyvOsv+vtv?)|vgv9

k
 FvQGA<vJv(KGyvAvtv"v+v9JGAv+v(*v?(32).pv,

$vPgGyvOhdEv9QSFv%v(OGyv=vJvEGyvgvzv}v,iv9yv=v9
k

|v#Gyvtvav9fv9JChGC|SvTv9JGAvwv(|v+v?,E:
Cf
q

yvvOi<vvgvv]vv%vv9Ivv9y+9
k
<vvgvv̂CVvvwvv9dGyvvAvvgvv9hfGCJvvOhOI<vv+#Gyvvtvvavv9fvv_Gyvvgvv9ehGBvv9Upvv,

Hvvv9d<vvvJvvv(KGyvvvAvvvtvvv"vvv+vvv9JGAvvv+vvv(*vvv?hGyvvvAvvv"vvv}vvv+vvv?hG:!vvvAvvvWvvv9QGCJvvvOhOyvvvzvvvtvvvavvv9YGBvvv9Upvvv,GyvvvOhd
Gy"9|+?.<Ww{f9e*thf>A<J(KGyAt"+9JGA+(*?p,GyOhdGy"9|+?f^Gyta9YGyg9e.

Ef
q

;vvO*vvOEFvvQGAGJGyvvTvv;|vv?GAvv+vv(*vv?(33)Gyvvgvv9C+vv?:vvgvv{GyvvOhdCvvvDvvQ\vv}vv9!vv9
k
<vv(Fvv(O

(31)«In Defense of the Common Seeds,» Economist (13 June 1998).

(32)Oereke [et al.], Crop Production and Crop Protection: Estimated Losses in Major Food and

Cash Crops.

(33)C. Brenner and J. Komen, «International Initiatives in Biotechnology for Developing Country

Agriculture: Promises and Problems,» (Technical Paper; no. 100, OECDDevelopment Center, 1994).
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sv(G!v+#GyvTv;|v?GAv+v(*v?z|v;Py(Haven),<vJv+vE@vAv}vwv#GyvWvQvv9J|v#@vqvJv[|v"vAvGv97v9
GAv+v(*v?hGIvAv}v9:JLvav(Q7v9fv̂Gyv"vdv~Gyv=v+v8v+v?Gyv(_v"v+v?.h<v9yvQiv~|v#GyvAvzLvQGyvav(*v{,
pvv{!vv&*vv=vvOhCf

q
GCZvv9Osvv?fvv̂G:@vvqvv9svv+vv9JhGyvv=vvQh@vv(vvv(:JSvvAvvAvv~pvv,<vvOG*vv?GyvvtvvQfGyvv(GIvvO

hGyvgvWvQ*v#,h@vRhdGyvgvtv=v?GyvQFv+vTv?GC9!vgv?:!vAvWv9QGyvAvtv"v+v9JGAv+v(*v?h|v"vAvGv97v9pv,GyvOhd
Gy"9|+?.

S9OS9
k

:GCw9pJ?GCAw9|z?y7p9J
yvvtvvOCOiG}CvvQG:svvAvvZvv9OjhGyvv=vv+vv8vv,yvvTvv(AGSvvAvvgvv}vv9d|vv=vv+vvOGJG6pvv9J,E]Gyvv=vvJvvE

hEFvvQGAGCJvv9h:JBvvqvv̂GSvvAvvMvvOGe$vvPgGC=vv+vvOGJ|vv#Fvv%vv?,hE]R*vv9OIG:SvvAvvDvv}vv9Qpvv,
GyvAvtv"v+v9JhGC"vAvGv9JGyv=vO*vzv?hEfv9OIGyv"vdvQpv,GyvavQbGyvAvtvz+O*v?Cwv9pvJv?G6pv9J|v#Fv%v?
Cvvv9!vvv+?,hEyvvvtvvv9AGyvvv"vvvdvvvQIGyvvvWvvv9|vvvzvvv?fvvv̂GCJvvv+vvvbGyvvv=vvv+vvv8vvv,yvvv7pvvv9J<vvv}vvv9pvvv+vvv%vvv9R*vvv9OIG:$vvvAvvv}vvv9e
<vvv9Cwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9J(IPM)|vvv#Fvvv%vvv?Cvvv9yvvvDvvv?.yvvvtvvvOGfvvvAvvvtvvvOfvvv̂!vvvavvv9bhGSvvvh<vvvzf

q

GCRGQfvvv_pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?Svvv+vvvAvvv=vvv"vvv(f(IPM)!vvvdvvvQG
k

E]|vvvTvvv9GvvvAvvv%vvv9Gyvvvqvvv9fvvvzvvv?pvvv,@vvvwvvvDvvv+vvvr
GyRQGf?hpt9

k
Cq%(eGyA"}+?GyRQGf+?GCTAOG|?(34).

yvtvOfvQqpvBGCwv9pvJv?GAv+v(*v?GCAvwv9|vzv?<vzVvwv9d|vAv=v9*v"v?vvDv+vQG
k

|v#hvv9:JhVvQvv9J
hHvv}vv(fvv9J|vv%vvAvv}vv?6vv9.GyvvWvvwvv{ChGyvvAvvgvvQ*vvrGyvvtvv(jyvv%vv9*vvgvv"vv,vvv;

k
|vv#G6QGAGyvvAvvtvv"vv+vv?

hG6QGAGyvv=vv+vv8vv+vv?yvvzvv}vvwvv9pvvJvv?GAvv+vv(*vv?GCAvvwvv9|vvzvv?.hvvvzvvAvv9hFvv%vvAvv,Gyvv"vvdvvQGyvvTvv9<vvtvvAvv_|vv=vv"vv+vvAvv9ffvv̂
Gyg}z+9JGya=+g+?yA"d+~G6p?Cjf}{G}fOGAGya=+g+?(GA+(*?).

h@vvtvv(ehFvv%vv?Gyvv"vvdvvQGyvvAvvtvv"vv+vv?fvv̂@vv"vvdvv+vv~G !vvAvv9LhGyvvgvv}vv{hpvvtvv9
k
yvvzvvAvvavv(QG}fvv̂vvvvv

G}O!vv)(Top - Down Development),h@vv(Q*vvOGAvvzvv(d.yvvtvvOhFvvOJhFvv%vv?Gyvv"vvdvvQ$vvPg
<vWvwv{QFv+vTv,pv,Yv"v9fv?Gyvwv+v}v+v9Fv+v9JGyvRQGfv+v?hpv,CFvRGA|v#C!vdv}v?<vJv(KGyvAvtv"v+v9J
GyvRQGfv+v?fv̂GCTvAv(*v9JGyvgv9C+v?hGyv(_v"v+v?,hhpvtv9

k
yv%vPgGyvavQ*vtv?@vtv(eGyvgv}vz+9JGyvav=v+vgv+v?

<vAv"vdv+v~G6pv9Jvv}vOLv{yvzvAvOGLv;JGCJvAv}vzv?.h|v%v}v9*vwv#,@v=vtv)$vPgGyvgv}vz+9JVv+v8v9
k

ivvv9|vvv]vvv9
k

vvvvvvvzGyvvvZvvv"vvvOhbG}Svvv(Oy(Black Box),pvvv,Ivvv_*vvvAvvv~GyvvvAvvvQvvvv+vvvRfvvv̂GyvvvAvvvOGLvvv;J
h<vvMvv9Yvv?|vvhSvv;|vv?GC"vvAvvGvv9JGyvvAvv,@vv=vvtvv,GyvvZvv"vvOhbGyvvTvv9<vvuYvvJvv+vvJvv9

k
Chvvv9|vv;

k
.hyvvtvvO

GSvvAvvMvvOe$vvPGGCqvv%vv(eyvvzvv}vvwvv9pvvJvv?GAvv+vv(*vv?GCAvvwvv9|vvzvv?ivv9yvv=vv9
k
pvv,GyvvOhdGCAvvavv(QIhpvv,GCRGQY

Gyw=+QIp,GyOhdGy"9|+?.

C|v9hFv%v?Gyv"vdvQGyvDv9!v+?,CjhFv%v?Gyv"vdvQGyv=v+v8v+v?yvzv}vwv9pvJv?GAv+v(*v?GCAvwv9|vzv?,pvtvO

(34)L. A. Thrupp, ed., New Partnerships for Sustainable Agriculture (Washington, DC: World

Resources Institute (WRI), 1996).
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Q<vvavvB<vv+#!vv}vv9PLGyvvRQGfvv?GCTvvAvvO*vv}vv?hGyvvAvv"vv}vv+vv?GyvvQ*vvqvv+vv?h<vvMvv9Yvv?GyvvAvvavv(Qh|vv=vv9O EOGQI
GCJv9Yv+v{GCAvwv9|vzv?(Integrated Crop Management).hyvtvO<v"v+vBhFv%v?Gyv"vdvQ$vPgfv̂
Vvvvavvv9QIhsvvvOQIGCRGQfvvv_hLvvv=vvvQ7vvv~,hfvvv̂@vvv(pvvv+vvvQG}OhGJ:<vvv9PGyvvvtvvvQGQGJ.hvvvvzvvv}vvv9
GSvvAvvavv9YGCqvv%vv(eGyvv=vv+vv8vv,yvvzvv}vvwvv9pvvJvv?GAvv+vv(*vv?GCAvvwvv9|vvzvv?Fvvgvv{Gyvvgvv}vvz+9JGyvvavv=vv+vvgvv+vv?<vvAvv"vvdvv+vv~
h\vvv=vvvbG6pvvv?,@vvv~qGyvvvAvvvzvvvv+vvvOGCQvvvvRjfvvvz+&.Ef

q
hFvvv%vvv?Gyvvv"vvvdvvvQ$vvvPgyvvvzvvv}vvvwvvv9pvvvJvvv?GAvvv+vvv(*vvv?

GCAvvvwvvv9|vvvzvvv?:@vvvgvvvAvvvQaCh@vvvTvvvzvvv~<vvv]vvvQhQIGAvvv9Fvvv?yvvvzvvvAvvvOGLvvv;J|vvvwvvv9pvvvJvvv?G6pvvv?h<vvvMvvv9Yvvv?
Gyvvwvv+vv}vv+vv9Fvv+vv?|vv"vv%vv9(vvvzpvv]vvz+?).yvvtvvO@vvavv(QJhFvv%vv?Gyvv"vvdvvQ$vvPgfvv=vvQGBvv=vvQGJGyvvAvv,@vvwvv(!vvB
pvv,GyvvOhdGyvv"vv9|vv+vv?!vvAvv+vvGvv?|vvtvv9h|vv?G6pvv9Jyvv;SvvAvvMvvOG|vv9JGyvvRGFvvOI,fvv#GAvvO|vv#|vv=vv+vvOGJ
G6pvv9J.h*vv}vvwvv#GSvvAvvMvvOGe|vv=vv+vvOGJG6pvv9Jpvv,$vvPgGyvvOhdCf@vv"vvMvvqvv̂<vvWvvwvv{hG\vvK
|v#OhfCjLvqv̂|vzvJv(Xpv,Gyvjv;d.Ef

q
GCqv%v(eGyv=v+v8v,yvzv}vwv9pvJv?GAv+v(*v?GCAvwv9|vzv?,

svOGSvAvgv}v{<vWvwv{QFv+vTv,|v#sv=v{GC"vdv}v9Jiv+vQGAvwv(|v+v?(NGOs),hhvv9:JGyvAv"v}v+v?
GyOhy+?<9yAg9hf|hGAw(|9JhGCRGQf_GyZj9Qp,GyOhdGy"9|+?.

|vv#Gyvv=vvOG$vv?Cf*vv(Gpvvuvvv{pvvQO<vvzf
q

GCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9J$vv,Hvv9d|vvQfsvv9<vv{
yvzvAvwv+qvrh*vQSv~CGv9d|v#GyvavQbGBv9Yv?<v}vwv9pvJv?G6pv?6vOaGAvZv(dfv̂!vAv9FvH@vQ<vb
<v+#Gyvtv+v}v?G}vv=vQyvzv}vRGQY,hGyv=v+v8v?GCtv=v(yv?hGCMvQFv9J(GC"vAvGv9J)GCTvAv}vQIChGyvOGFv}v?.
h*v}vwv#Cf@vWv}v{GyvAvtv"v+v9JGCTvAvMvO|v?pv,hsv9*v?GCJvZv(dpv,GCwv9pvJv?GCAvwv9|vzv?yv7pv9J
vvv;

k
|vv#:GCwvv9pvvJvv?GyvvAvvtvvz+O*vv?yvvzvv}vvJvvZvv(dGAvv9y+?,GyvvOhQIGyvvRQGfvv+vv?,@vvOGLvv{GCJvv9Yvv+vv{,

@vv(GpvvQGC+vv9g,GyvvRQGfvv?GCAvvgvvOOI,GyvvZvv+vv9!vv?,EOGQIGCOLvv;J,GvvvAvvWvv9pvv9JRQGfvv+vv?FvvO*vvOI,
pvvv;Ivvv?G}QVhivvv+vvvQ$vvv9.h*vvv}vvvwvvv#GCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9JCf@vvvTvvvAvvvMvvvOe|vvv"vvvAvvvGvvv9J
|vvavv(qQI,fvv=vvQGyvv=vvJvv(K,vvvzYvv"vv9aGCJvv9Yvv+vv{GCtvv9h|vv?(fvv=vvQGyvvAvv%vvGvv_h!vvtvv{GC(QCvv9J),
fvv(G|vv{GCwvv9pvvJvv?GAvv+vv(*vv?,|vv=vv+vvOGJG6pvv9JGAvv+vv(*vv?,Gyvvqvv+vvQ|vv(!vv9J,GyvvAvvWvvMvv+vv[,hpvv,
<vvgvv̂GAvv9:JGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?.h*vvAvv(svvrLvv+vv9QGCRGQYGCTvvAvvgvv}vv{fvv̂Gyvv=vv+vv8vv?GCJvvz+?
(|Aaz=9JGy=+8?GyRQGf+?,GCA(GpQyzRQGf?,L+9QGJGy=OGF{G !A9F+?)(35).

yvtvO<v+q#IvZvQC
o

FvQjfv9e1995,CVv9QJEy+&C*v]v9
k

GC"vdv}v?Gyvgv9C+v?yvzvJv+v9IGyv=vQ*v?
pvv,@vvtvvQ*vvQ$vv9,fvv̂Cf40000|vvRGQYpvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,fvv}vvzvv(G\vv}vv#
!vvvdvvv9eGCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9J<vvvz8vvv~C!vvvGvvvRhGLvvvqvvv]vvv9

k
vvvv=vvv+vvvQG

k
pvvv,GSvvvAvvvMvvvOGeGC=vvv+vvvOGJ

Gyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?,hGSvvvAvvv"vvvAvvvHGAvvvZvvvQzC!vvv&hG\vvvK|vvv#Gyvvv=vvv+vvv9!vvv9JCf
q

G:SvvvAvvvQG@vvv+Gvvv+vvv9JGyvvv=vvvO*vvvzvvv?

(35)P. C. Matteson and M. I. Meltzer, «Environmental and Economic Implications of

Agricultural Trade and Promotion Policies in Kenya: Pest and Pesticide Management,»

(Environmental and Natural Resources Policy and Training (EPAT) Project, April 1995).
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yv7pv9J(GCwv9pvJv?GCAvwv9|vzv?yv7pv9J)svOCIvOCvBCCvQG
k

vv=v+vQG
k
pv,Q<vKGCRQfv?fv=vQGBvqv̂

Gyw=+Qp,@w9y+r|w9pJ?G6p9J(GyAtz+Oj),hf=Q;T_Gyj;d(36).

Ef
q

|vvgvvdvv~<vvQG|vvHGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?|vvQ@vv=vvavv?<vv9COLvv;J
GyvvRQGfvv+vv?Gyvvgvv9y+?,|vvDvv;

k
:Gyvvtvvavv#hGBvv]vvQhGyvvqvv9vvv%vv?GCgvvOIyvvzvvAvvZvvO*vvQ.vvv}vv9Ef

q
CGvv+vv?<vvQG|vvH

GCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9Jvvvv(8vvv9@vvvAvvvgvvv9|vvv{|vvvhGCJvvv9Yvvv+vvv{GyvvvjvvvPGFvvv+vvv?vvvv}vvv9$vvv(GAvvv9dpvvv,
Gyvv=vvQGR*vv{(pvv(dGyvvZvv(*vv9),hpvv,CpvvQ*vvtvv+vv9(Gyvvwvv9Svv9pvv9)hG}!vvO*vvR(Gyvv=vvavv9_vv9),hE!vvOh!vv+Tvv+vv9
(G}QR)hCFvvRGACLvvQi|vv#Fvv"vv(HVvvQbBSvv+vv9.<vvWvvwvv{fvv9e|vvgvvdvv~GCRGQfvv_GyvvZvvjvv9Qpvv,
GyvvOhdGyvv"vv9|vv+vv?:*vvTvvAvvavv+vvgvv(fGyvv(Yvv(dE]@vvtvv"vv+vv9JhLvvO|vv9JGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9J,
h:*vv}vvwvv"vv%vv~_vvzvv=vv%vv9IvvAvv)hyvv(@vv(GpvvQJG |vvwvv9!vv9JGyvv;R|vv?yvv%vv~pvv,GyvvTvv(b,hPyvvx}f
Gyvvvtvvvavvv9YGyvvvgvvv9epvvv+vvv%vvv9*vvvzvvvgvvv>GyvvvOhQG}vvvv=vvvQpvvv,@vvvQh*vvvHh@vvv(pvvv+vvvQ$vvvPgGCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?
yvzv}vRGQfv_GyvZvjv9Q,<vgvwvUGAv9dpv,GyvOhdGCAvav(QI.pv,Gyv(GsvhLvAv9LGyvtvav9YGyvgv9epv,
GyvvOhdGyvv"vv9|vv+vv?E]Ofvv~Gyvv=vvJvv(KhGyvvAvv"vv}vv+vv?,hcvvQhaOfvv~GBvvO|vv9Jyvvzvv}vvRGQfvv_vvvAvvtvvO*vv~
Gyv"vZv9FvKG QVv9O*v?hGyvAv}v(*v{hGyvAvgvz+~G}h[.Ef

q
<vQG|vHGCwv9pvJv?GCAvwv9|vzv?yv7pv9JGyvAv,

_vv=vvtvvBIvvAvv)G6fpvv,GyvvOhdGyvv"vv9|vv+vv?,svvOE
q
vvB<vvOfvv~Gyvvtvvavv9YGyvvgvv9eChGAvvwvv(|vv?<vvWvvwvv{

vvv=vv+vvQ,hPyvvx<vv9yvvAvvgvv9hf|vvhhvvv9:JGyvvAvv"vv}vv+vv?GyvvOhy+?hGC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv+vv?,pvv,Ivv_
v9!B|T9G9JGyta9YGB9Up,$PgGCW9Q*hIOhOICh|gOh|?.

pvv,GyvvTvv"vv(GJGyvvtvvz+zvv?GC9\vv+vv?vvv9!vvBGyvv=vv"vv(cGCAvvgvvOOIG@vv"vvTvv+vv9J@vvOfvv~GSvvAvvMvvOGe
|vv=vv+vvOGJG6pvv9JGyvvwvv+vv}vv+vv9Fvv+vv?h@vv|*vvOg,vvvGvvRACSvv9Svv,|vv#GyvvDvv(QIGyvvAvvtvv"vv+vv?GBvv]vvQGA,E:Cf
$vvPgGCZvv9QahGyvv=vv"vv(c<vvOCJ@vvQipvv,GCwvv9pvvJvv?Gyvvwvv9|vvzvv?yvv7pvv9JIvv9y+9

k
|vvqvvAvv9MGyvvAvv"vv}vv+vv?

}j<vQ!v9|vHRQGfv,FvO*vO<vTv=v>vv(8v9|v%v}v?C=vOEG:SvAvOG|v?.EfGyv"vWvQGJGyvAv,CfvO$v9
<vv"vvxGyvvAvv"vv}vv+vv?G6Svv+vv(jOy+{@vvavv=vv+vvu|vvWvv9Q*vvhGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9JGyvvRQGfvv+vv?(ADB,

1995),hsv+v9evv{|v#Gyv=v"vxGyvOh[(WB),h|v"vdv}v?G}ivP*v?hGyvRQGfv?GyvOhy+?(FAO),
h<vvQ!vv9|vvHG}|vv~GCAvvJvvOIG !vv}vv9Fvv,(UNDP),h<vvQ!vv9|vvHG}|vv~GCAvvJvvOIyvvzvv=vv+vv8vv?(UNEP),
fv̂!vav9bGyvgv9D<vAvtvO*v~GyvAvTv%v+v;Jpv,BSv+v9|vtvQh!v?<v}v%v}v?GCTv9fvOIfv̂@vav=v+vu<vQG|vH
GCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9J|vv#svv=vv{GAvvwvv(|vv9JGyvvAvv,Kvv>fvvz+%vv9Cf@vvAvvMvvPGBvvavv(GJ
GC%vv}vv?pvv,@vvavv(*vvQ|vv|SvvTvv97vv9Avv}vv9*vv?GCJvv9Yvv+vv{6vv9<vvWvvwvv{OGFvv~.vvvPyvvx<vvOCJGyvv%vv+vv8vv?
G:SvAvWv9Q*v?GyvOhy+?yvzv=vJv(KGyvRQGfv+v?(CGIAR),|v=v9OQIChy+?Iv(dGCwv9pvJv?GCAvwv9|vzv?
yvvvv7pvvvv9J,hPyvvvvx<vvvvAvvvvJvvvvTvvvv_EOGQIGCJvvvv9Yvvvv+vvvv{GyvvvvjvvvvPGFvvvv+vvvv?GyvvvvQFvvvv+vvvvTvvvv?pvvvv,Hvvvv9[G !vvvvAvvvv9L
hG:SvvAvv%vv;cyvvzvvqvvtvvQGA|vv#Svvwvv9fGyvvgvv9D.hEvvDvvzvvB$vvPgGC=vv9OQI<vv9yvv"vvAvv9FvvHGyvv(GfvvOI<vv9yvvAvvtvv"vv+vv9J

(36)Hoppin [et al.], Reducing Reliance on Pesticides in Great Lakes Basin Agriculture.
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GBvv9y+?|vv#Gyvvwvv+vv}vv+vv9Fvv+vv9J,h<vv{!vvAvv9LCYvv"vv9aGyvv=vvavv9_vv9GCtvv9h|vv?yvv7pvv9J,hLvvqvv̂!vvTvv>
GyqtO<9CJ9Y+{p,G}!O*RGy"9@H|#G6p9J.

$vvvPG,h@vvvgvvvAvvv=vvvQE!vvvOh!vvv+Tvvv+vvv9!vvv}vvv(PFvvv9
k

|vvvDvvv9y+9
k
yvvvzvvv}vvvwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9J(IPM in

Indonesia),Iv+vE|v(qyvB|v"vdv}v?G}ivP*v?hGyvRQGfv?GyvOhy+?(FAO)pv,GyvDv}v9!v+"v+v9J|v#
GyvvvvtvvvvQfGC9\vvvv,<vvvvQG|vvvvHyvvvvzvvvv}vvvvwvvvv9pvvvvJvvvv?GCAvvvvwvvvv9|vvvvzvvvv?yvvvv7pvvvv9Jpvvvv,fvvvvOO|vvvv#GyvvvvOhdG6Svvvv+vvvv(*vvvv?
(h<vMv9Yv?E!vOh!v+Tv+v9)GC"vAvGv?CJvZv(dG}QR,GyvAv,hGFv%vBCR|v9Jh_v"v+v?RQGfv+v?!v9:v?
|vv#|vvtvv9h|vv?G6pvv9Jyvv%vvPGGCJvvZvv(dvvv(!vv&|vvZvvOQGyvvjvvPGAG}Svv9Svv,yvvzvvTvvwvv9f.pvvqvv,Svv"vv?
hGIvOIpvtvOJE!vOh!v+Tv+v9E!vAv9L75000$vwvAv9Q|v#G}QR<vTv=v>CLvav9QG Yv9<v?<vJvWvQI
GyqQGV?Gy="+?Gy"a9_?(Brown Plant Hopper).

<vvOCJE!vvOh!vv+Tvv+vv9<vvQ!vv9Hvv%vv9GBvv9U<vv9Cwvv9pvvJvv?GCAvvwvv9|vvzvv?6pvv9JIvvZvv(dG}QRfvv9e
1986;vvvvBEVvvvvQGahsvvvv+vvvv9OIC.h.Chvvvvv9(I.W. Oka)hPyvvvvx,fvvvv=vvvvQEyvvvvjvvvv9AGyvvvvOfvvvv~Ch

Lvvqvv]vv&Cgvvdvv~|vv=vv+vvOGJG6pvv9JGyvvwvv+vv}vv+vv9Fvv+vv?hC!vv(GYGC=vv+vvOGJG}LvvQi,hGyvvtvv+vv9e<vv}vv=vv9OQI
G@v%v(OGCwvDvqv?yvzvAvOQ*v>,<vJv+vEEvwv"vB|v#@vOQ*v>150000|vRGQYIvAv)fv9e1992
(CjLvv;dSvv=vvhSvv"vv(GJ),E\vv9pvv?E]@vvOQ*vv>3000fvv"vvZvvQEQVvv9Ojh1000|vvQGsvv>
yvvAvvavv(QG6pvv?.yvvtvvOIvvZvv{GCRGQfvv(fGCAvvOQ<vv(f\vv}vv#<vvQ!vv9|vvHGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9J
fvvv̂R*vvv9OIpvvv,G}Q<vvv9M|vvvAvvv(Svvvavvv%vvv918Oh:QG

k
pvvv,GC(Svvv~(|vvvh@vvvwvvv9y+r@vvvOQ*vvv>GCRGQY

fvvv̂<vvvQ!vvv9|vvvHGCwvvv9pvvvJvvv?hsvvvOQ$vvv94Oh:QGJ).pvvv,fvvv9e1993ho\pvvvh<vvvQ!vvv9|vvvHGyvvvAvvv(Svvvh
yvzv}vWvQhYGyvgv9eyvzv}vwv9pvJv?GCAvwv9|vzv?yv7pv9Jpv,$vPgGyvOhyv?y+Wv}v{vv9|v{Gyv=vzvO,hQoYpvO
yvvv&|vvv=vvvzvvvksvvvOQg53|vvvz+(fOh:QC|vvvQ*vvvwvvv,s

o
vvvO
x

e|vvv#Gyvvv=vvv"vvvxGyvvvOh[h<vvvQ!vvv9|vvvHGCTvvv9fvvvOI
G}|Q*w,hGAw(|?G !Oh!+T+?.

yvtvO<v"v+vB<vQG|vHGCwv9pvJv?GCAvwv9|vzv?6pv9JIvZv(dG}QRhpvtv9
k
yv(Fv%v?Gyv"vdvQGyv=v+v8v+v?

yvzv}vwv9pvJv?GCAvwv9|vzv?yv7pv9Jh@vzvv+vOGVvAvQGcGCRGQfv_pv+v%v9.hyvtvOhFvOG:LvAvZv9Yv+v(f
pvv,<vvQG|vvHGyvvAvvOQ*vv>fvv̂CSvvzvv(HGCwvv9pvvJvv?GCPvvv(QC!vv&yvvwvv,*vvwvv(fGyvvAvvOQ*vv>pvvgqvv9:

k
:<vvO

|vvv#hFvvv(OHvvv}vvv(fvvv?|vvv#GCOQ<vvv+#<vvv+#GCRGQfvvv_C"vvv9svvvWvvv?G}|vvv(Q|vvvgvvv%vvv~h<vvvMvvv9Yvvv?pvvv,|vvv9
*vvAvvgvvzvvu<vvvv:CSvvUEfvvOGOGAvvtvv{,GyvvAvvGvv9QHhGCWvv9$vvOGJGAvvtvvz+?,hpvvAvvQGJGCAvv9<vvgvv?|vvh
GCOQ<+#GyA,K>Cf@OheC(S}_f^G}s{.

Ef
q

|vDv{@vOQ*v>|vwvDvrvv%vPG|vwvzvr
l

FvOG
k

hYvgv>GyvAvav=v+vu,h|vhPyvxpvqv,Vv%vQ
BPGQ/|vv9QS|vv#fvv9e1993,Evvwvv#<vvQ!vv9|vvHGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9JG !vvOh!vv+Tvv,|vv#
@vvvOQ*vvv>18000hvvvv+vvv{EQVvvv9OjhCvvvvDvvvQ|vvv#500000|vvvRGQY,h$vvvPg:@vvvRGd!vvvTvvv=vvv?
\vvvv8vvvv+vvvvzvvvv?|vvvv#5vvvvv10|vvvv;*vvvv_|vvvvRGQYE!vvvvOh!vvvv+Tvvvv,pvvvv,Gyvvvv=vvvvzvvvvOGCPvvvvv(Q.h|vvvv#GCAvvvv(svvvvhCf
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*vvvvAvvvv]vvvv9fvvvvrfvvvvOOGCRGQfvvvv_GCAvvvvOQ<vvvv+#GCPvvvvv(Q(500Cyvvvvr)fvvvv=vvvvQ!vvvvtvvvv{GCgvvvvzvvvv(|vvvv9J|vvvv#
GCRGQf_GCAOQ<+#E]GCRGQf_i+QGCAOQ<+#.

CLvv+vvQG
k
*vv}vvwvv#Gyvvtvv(dEfGyvvOQSGCTvvAvvqvv9O|vv"vv&$vv"vv9*vvAvv}vvDvv{E!vv&*vvtvv(d:Ofvv"vv9!vv=vvOC(Let

Up)pv,<vQG|vHGyvAvOQ*v>.h@vgvAv=vQGCZv9Q*vrGCAv"v9h<v?GC"v9Sv=v?yvzvAvOQ*v>FvRAG
k

CSv9Sv+v9
k

|v#
<QG|HGCw9pJ?GCAw9|z?y7p9J.

S9<g9

k
:GyRQGf?Gyg](*?

yvvvtvvvOCOJGyvvvDvvv(QIGBvvv]vvvQGAGyvvvAvvv,IvvvOCvvvBpvvv,GyvvvTvvvAvvv+"+vvv9JhGyvvvTvvv=vvvgvvv+"+vvv9J|vvv#GyvvvtvvvQf
GC9\vv,pvv,vvv{|vv#GyvvOhdGCAvvavv(QIhGyvv"vv9|vv+vv?,h<vvMvv9Yvv?GSvvAvvMvvOGeG}Svv}vvOIhGC=vv+vvOGJ
Gyvwv+v}v+v9Fv+v?<vwv}v+v9Jvv=v+vQI,E]GyvgvO*vO|v#GCWvwv;JG:FvAv}v9fv+v?hGyvZvJv+v?pv,GCGvAv}vh
GyOh[,|"%9:

!Gy=OG!?hG}|QGV<T=>GyAjP*?GBa{hGAT9S+9Jv9!Mq9VGBZ(<?.

!GSA%;cGya9s?GCQ@qh.

!GyAO$(QGy=+8,.

!GyAO$(QG@+",Gy"=9OhGA+(GP.

!@t"+9JGyARGhLGA+(GPGyt9S+?.

!R*9OI|t9h|?G}|QGVhG}fW9H.

!GyOf~GAw(|,Gyw=+QhG!Mq9VGyOL{GyRQGf,|9*|OjE]Gy%GQI.

!Gyg}{GyRQGf,i+QGyZJ,.

!GAQhHGyAG9Q*?hEiQGbG}S(Gb<9yTzh(37).

pvvv,\vvv(APyvvvx!vvv9Oi,h*vvv"vvv9Oj,GyvvvwvvvDvvv+vvvQ|vvv#Gyvvv=vvv9IvvvDvvv_Gyvvvgvvvzvvv}vvv+vvv_hG:svvvAvvvZvvv9O*vvv_
hfvzv}v9AG:FvAv}v9YhG}_v=v9Ahiv+vQ$v~,<v]vQhQIGyvgv(OIE]GyvRQGfv?Gyvgv]v(*v?GyvAv,*vavzvu
fvz+%v9Gyv=vgv̂:Gyvgv(OIE]GCTvAvtv=v{(Back to Future),h<v9yvAv9[pv%v"v9cIv9Fv?E]|vtv+v9S
FvvvO*vvvOCh|vvv"vvv%vvvHFvvvO*vvvOVvvv9|vvv{h|vvvTvvvAvvvOGeyvvvzvvvRQGfvvv?.hyvvvwvvv#|vvv9$vvv,GyvvvRQGfvvv?Gyvvvgvvv]vvv(*vvv?

(Organic Agriculture)?

(37)pvv9<vv+(Svv9!vvAvv(@vvWvv,,zGyvvRQGfvv?Gyvvgvv]vv(*vv?:G}Svv(GbG}hQh<vv+?hpvvQUSvv(Q*vv?,y(|vv#OQGSvv9JGCQIvvzvv?

GyD9!+?GCtO|?E]|WQhYGyq9hGCP/SYR/006/ITA,O|Wu,2002).
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*ovgvQxaG:LvAvZv9Yv+v(fGyvRQGfv?Gyvgv]v(*v?<vz8v9|v"v%vH,Ch|v"v9$vHRQGfv+v?7vOaE]
Lvzvu!vdv~E!vAv9L|vTvAvOG|v?@vgvAv}vO<vWvwv{QFv+vTv,fv̂GC(GQOGyvtv9<vzv?yvzvAvGvOO,hfv̂EOGQI
Gyvgv}vz+9JGAv+v(*v?hGyv=v+v8v+v?,6vOa;vtv+vu|vTvAv(*v9J|vtv=v(yv?|v#G !vAv9LGAv+v(GPhGyv"v=v9O
hGyvvAvvjvvP*vv?Gyvv=vvWvvQ*vv?hGAvv}vv9*vv?|vv#Gyvvavvqvv+vvz+9JhG}|vvQGV,h;vvtvv+vvuGyvvgvv9FvvOGC"vv9Svv>yvvz+O
Gyvvgvv9|vvzvv?hGC(GQOG}LvvQi(38).h*vvtvv(d:|vv=vvwvv_(Lambkin)h<vv9Od(Padel)fvv9e1993
Ef
q

GyvvvRQGfvvv?Gyvvvgvvv]vvv(*vvv?|vvv(Fvvv(OI|vvv#CvvvvDvvvQ|vvv#70fvvv9|vvv9
k

h$vvv,|vvv"vvv%vvvGvvv+vvv9JVvvv9|vvvzvvv?,Cj
|vAvwv9|vzv?*v"vdvQpv+v%v9E]G}FvRGAGyvqvQfv+v?(pv,GyvR|v9fhGCwv9f)h*vAvgv9|v{<vgv]v%v9|vh<vgv̂
f^fwUGC"%HGyAMq+],GyPj*}D{!}(PF9

k
yzDt9p?GA9y+?.

hyvzvRQGfv?Gyvgv]v(*v?CVvwv9dfvO*vOICLvP<vwv{|v"v%v9<vgv̂Gyv=v9IvDv_hG:LvAvZv9Yv+v_
G@OhdQs~(6vvvvv3).

G@OhdQs~(6vvvvv3)
CVw9dGyRQGf?Gyg](*?p,Gyg9D

Vw{GyRQGf?Gyg](*?ES~Gyg9DGyOhy?GyT"?

O*"9|+w+?I+(*?SA+"QCC9!+91926

f](*?$9hGQOE!wzAQG1940

<+(y(F+?y+}++Qvvvvv<(T1950

<+(y(F+?QhTh|(yQCC9!+91950

RQGf?OGF}?Gy(:*9JGCAJOI1970

sW?hGIOIp(v(v9Gy+9<9f1970

GCZOQ::|=w_h<9Od,GsAZ9O*9JGyRQGf?Gyg](*?([|+;!(,E*a9y+9:O.f.],1993).

fvv̂|vvTvvAvv(i|vvRGQfvv,Gyvvgvv9D,CjGCTvvAvv(iGyvvOh[,@vv~q@vvzSvv+vvUG@vv}vvgvv+vv?Gyvvgvv9|vv?
yvvzvvRQGfvv?Gyvvgvv]vv(*vv?vvv}vv"vvdvv}vv?ivv+vvQIvvwvv(|vv+vv?fvv9e1974|vv#svv=vv{14fvv]vv(G

k
|vv|SvvTvv9

k
,

hGQ@vqvhfvOOG@v}vgv+v9JGC"v]v}v?;vByv(GAGyvRQGfv?Gyvgv]v(*v?E]CvvDvQ|v#750=vgv+v?pv,
8vv9*vv?GyvvtvvQfGyvvgvvWvvQ*vv#(fvv9e2000)|vv"vvAvvWvvQIpvv,(100)Ohyvv?h@vv]vv~VvvQGFvvKvvv=vv+vvQI|vv#
GCGA}g9Jv9CRGQf_hGyAG9QhGCTA%zw_.

h@vvgvvAvv=vvQGyvvtvv9QIG}hQh<vv+?GyvvQGFvvOIpvv,GyvvRQGfvv?Gyvvgvv]vv(*vv?|vv#Ivv+vvEfvvOOGCTvv9Gvv_

(38)GCZOQ!qT&.
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pvvv+vvv%vvv9(120Cyvvvr|vvvTvvv9$vvv~),pvvv,Ivvv_:*vvvR*vvvOfvvvOOGCTvvv9Gvvv_pvvv,$vvvPgGyvvvRQGfvvv?pvvv,
Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?fvvv#39Cyvvvr|vvvTvvv9$vvv~(39).h|vvvhPyvvvx@vvvgvvvAvvv=vvvQGyvvvOhd
G}hQh<v+?hGyv(:*v9JGCAvJvOIG}|vQ*vwv+v?hCSvAvQGy+9h!v+(R*vzv"vOGhG}QFv"vAv_,|v#GyvOhd
GyvvvQGFvvvOIhGyvvvtvvv+vvv9O*vvv?pvvv,$vvvPGGyvvv"vvv(Y|vvv#GyvvvRQGfvvv?.vvvvPyvvvxG$vvvAvvv}vvvBGyvvvOhdG:VvvvAvvvQGvvvv+vvv?
(Svvv9<vvvtvvv9

k
),hGyvvvgvvvO*vvvO|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvvgvvvQ<vvv+?h<vvvMvvv9Yvvv?=vvv%vvv(Q*vvv?|vvvZvvvQGyvvvgvvvQ<vvv+?

<v9yvRQGfv?Gyvgv]v(*v?pv,GyvTv"v(GJG}Lv+vQI.C|qv9CSv(Gb@vZvQ*vr$vPgGC"vAvGv9J,pvAvAvQvvR
fvv}vvz+9

k
pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hGy+9<vv9fhChQh<vv9,|vvhhFvv(O:vv9Q|vvqvvQbpvv,

=vv+vvhOhdGyvvgvv9D@vvtvvQ*vv=vv9
k
.h@vvgvvAvv=vvQGyvvTvvzvvhGyvvRQGfvv+vv?GyvvjvvPGFvv+vv?hGyvv"vvTvv+vvGvv+vv?(Gyvvtvvavv#hGyvvjvvRhd

G}LvvvQi)hG}fvvvWvvv9HGyvvvavvv=vvv+vvv?$vvv,GCqvvv]vvvzvvv?Ivvv9y+9
k
yvvvOi|vvvRGQfvvv,GyvvvRQGfvvv?Gyvvvgvvv]vvv(*vvv?

hGCTA%zw_f^IOS(GA.

pvvv,fvvv9e1993<vvvzvvvjvvvB|vvvTvvv9Ivvv?GyvvvRQGfvvv9JGyvvvgvvv]vvv(*vvv?pvvv,G:;vvv9OG}hQhNsvvvQG<vvv?
700Cyvvr$vvwvvAvv9Q|vv9yvv=vvDvvBCfGQ@vvqvvgvvBE]3,8|vvz+(f$vvwvvAvv9Qfvv9e2000,pvv,Ivv_

GQ@vvvqvvvhfvvvOOGCRGQfvvv_yvvv%vvv9|vvv#29Cyvvvqvvv9
k

E]130Cyvvvr|vvvRGQYpvvv,Gyvvvgvvv9|vvv_GCPvvvv(Q*vvv#
!vqvTv+v%v}v9,hCf

q
GyvtvTv~G}vv=vQ|v#$vPgGCTv9Iv9J*vRQY<v9}fvWv9HGyvav=v+v?(hiv+vQGyvav=v+v?

C*vvv]vvv9
k
)hG}fvvv;ahGCJvvv9Yvvv+vvv{GyvvvjvvvPGFvvv+vvv?hGBvvv]vvvQhG}VvvvGvvv9QGCDvvv}vvvQI.C|qvvv9fvvvOOG}<vvvtvvv9Q

GCQ<vv9Ifvv̂G}fvv;aGCRQhfvv?fvv]vv(*vv9
k
pvv+vvtvv9QH280Cyvvr<vvtvvQIIvvzvv(H,Cj1,3pvv,

GC8vv?|vv#E=vv9[svvavv+vvhG}<vvtvv9QGAvvzvv(HG}hQhN,pvv,Ivv_hYvv{fvvOOG}<vvtvv9QG}LvvQi
GCQ<vv9I<vv9}Svvzvv(H!vvqvvTvv&E]500Cyvvr<vvtvvQICj0,65pvv,GC8vv?|vv#E=vv9[svvavv+vvhG}<vvtvv9Q
G}hQhN(40).

$vPGh*vOfv~G:;v9OG}hQhNGyvRQGfv?Gyvgv]v(*v?FvRFv+v9
k

|v"vPfv9e1985hPyvxfv=vQ
GyvvAvvWvvQ*vvgvv9JGyvv%vv+vvwvvz+?,Ivv+vvECYvvOQG:;vv9OGCPvvv(QCvv;Cvv?svv(G!vv+#pvv,G}fvv(GeGyvvAvv9y+?:
fvvvv9e1991(svvvv9!vvvv(fQsvvvv~2092GCAvvvvgvvvvzvvvvu<vvvv}vvvvtvvvv9*vvvv+vvvvUGCJvvvv9Yvvvv+vvvv{GyvvvvjvvvvPGFvvvv+vvvv?GC"vvvvAvvvvGvvvv?
hGCTvvvAvvv(QOGJ);hfvvv9e1992(svvv9!vvv(fQsvvv~2078GCAvvvgvvvzvvvu<vvvOfvvv~GyvvvAvvvJvvv(dE]GyvvvRQGfvvv?
Gyg](*?);hf9e1999(s9!(fQs~1904GCAgzu<}t9*+UG !A9LGA+(GP)(41).

|v#Fv%v?CLvQi@vgvAv=vQvv{|v#CC9!v+9h<vQ*vav9!v+9hGyvOhdG Svwv"vO*v"v9pv+v?hGyv(:*v9J
GCAvJvOIG}|vQ*vwv+v?,QGFvOIpv,GSvAv%v;c|v"vAvGv9JGyvRQGfv?Gyvgv]v(*v?.hsvOCLvPJpvQ!vTv9
hE*vvavv9y+9pvv,G:!vv]vv}vv9eE]GyvvOhdG}hQh<vv+?GyvvQGFvvOIpvv,GyvvTvv"vv(GJG}Lvv+vvQI,vvv}vv9Ef

q

(39)GCZOQ!qT&.

(40)GCZOQ!qT&.

(41)GCZOQ!qT&.
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$vv"vv9c@vvavv(QG
k
<vvavv,Apvv,GSvvAvv%vv;c$vvPgGC"vvAvvGvv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?.h@vvgvvAvv=vvQvvv{|vv#

G@vv(G!vv>GyvvO*vv"vv+vv?hGyvvqvvzvvTvvqvv+vv?hGyvv=vv+vv8vv+vv?hG:FvvAvv}vv9fvv+vv?(@vv=vv"vv,GCRGQY)hGyvvPG@vv+?(GyvvZvvJvv+vv?)
GyvvOhGpvvhG}Svv9Svv+vv?@vv}vv%vv(QGCTvvAvv%vvzvvwvv_pvv,$vvPgGCGvvAvv}vvgvv9J.|vv#Fvv%vv?CLvvQi*vvQ@vv=vvb
G:SvvAvv%vv;c<vv9yvvDvvtvv9pvv?GyvvZvvJvv+vv?hGyvv(fvv,Gyvv=vv+vv8vv,hGyvvOLvv{h@vv(GpvvQGC"vvAvvHChGyvvTvvzvvgvv?;pvvqvv,
E*vvvavvv9y+9|vvvDvvv;

k
@vvv(RYGC"vvvAvvvGvvv9JGyvvvgvvv]vvv(*vvv?vvvv}vvv9*vvv\:G}Svvv(GbGCJvvvz+?69,1pvvv,GC8vvv?,

G}Svvvv(GbG svvvvz+}vvvv+vvvv?21,9pvvvv,GC8vvvv?,G}Svvvv(GbGyvvvv(_vvvv"vvvv+vvvv?7,5pvvvv,GC8vvvv?,G}Svvvv(Gb
GBvv9QFvv+vv?1,5pvv,GC8vv?.$vvPGh*vvQhqLyvvzvv}vv"vvAvvGvv9JGCPvvv(QIpvv,E*vvavv9y+9<vvZvv(QJvvAvvzvvqvv?,
G@OhdQs~(6vvvvv4)(42).

G@OhdQs~(6vvvvv4)
_QbGyAQh*HC"AG9JGyRQGf?Gyg](*?p,E*a9y+9f9e2000

_Qb@Qh*H|"AG9JGyRQGf?Gyg](*?Gy"T=?GC8(*?

G}S(GbGCJz+?G}S=(f+?30,7

GyzZ9s9JhGywA9y(i9J26,6

GCgQVG@}9f,Gy(_",GyT"(j20,4

GCgQVGyqQOjGy(_",GyT"(j9,7

G !AQ!B9,4

H}(f?GCg9QVGB9QF+?hG f;!9JGyAzqR*(!+?3,2

GCG}(Y100,0

GCZvvOQ:pvvv9<vvv+(Svvv9!vvvAvvv(@vvvWvvv,,zGyvvvRQGfvvv?Gyvvvgvvv]vvv(*vvv?:G}Svvv(GbG}hQh<vvv+?hpvvvQUSvvv(Q*vvv?,y(|vvv#OQGSvvv9J
GCQIz?GyD9!+?GCtO|?E]|WQhYGyq9hGCP/SYR/006/ITA,O|Wu,2002).

$vvPGh@vvAvvRG*vvOSvvQfvv?!vv}vv(G}Svv(GbG}hQh<vv+?GyvvTvv"vv(*vv?yvvzvv}vv"vvAvvGvv9JGyvvgvv]vv(*vv?,pvvqvv,
fv9e1999<vzvjvBSvQfv?Gyv"v}v($vPgpv,GyvTv(*vOhGyvO!v}v9Qc<v+#30vvvvv40pv,GC8v?,pv,
Ivvvv_D@vvvvRO$vvvvPgGyvvvv"vvvvTvvvv=vvvv?pvvvv,CC9!vvvv+9fvvvv#5vvvvv10pvvvv,GC8vvvv?.E:Cf

q
svvvv+vvvv}vvvv?|vvvv=vvvv+vvvvgvvvv9J$vvvvPg

GC"vvAvv(Fvv9Jpvv,CC9!vv+9hpvv,Gyvvgvv9eGCPvvv(Q!vvqvvTvv&pvv9svvB1,8|vvz+9QOh:Q,pvv,Ivv_D@vvRO
p,GyT(*Of#0,11|z+9QOh:Q,G@OhdQs~(6vvvvv5)(43).

(42)GCZOQ!qT&.

(43)GCZOQ!qT&.
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G@OhdQs~(6vvvvv5)
CS(GbGyRQGf?Gyg](*?p,ChQh<9f9e1999

GyOhy?Gyt+}?(|z+9QOh:Q)Gy"T=?GC8(*?|#E=9[S(bGyjPGAGy"}(GyT"(j(p,GC8?)

CC9!+91,81,25vvvvv10

E*a9y+90,750,620

pQ!T90,720,520

<Q*a9!+90,450,425vvvvv30

S(*TQG0,352,020vvvvv30

$(y"OG0,351,010vvvvv15

GyOG!}9Qc0,302,530vvvvv40

Gy"}T90,232,010vvvvv15

GyT(*O0,110,630vvvvv40

GCZOQ:GCZOQ!qT&.

$vvvPGhKvvv>Cf;vvvZvvv{=vvv+vvvhGC"vvvAvvv(Fvvv9JGyvvvgvvv]vvv(*vvv?(GBvvv9ehGCZvvv"vvvgvvv?)pvvv,GyvvvOhd
GCAvvvtvvvO|vvv?fvvv̂GyvvvWvvv%vvv9OGJGBvvv9Yvvv?6vvv9svvv=vvv{@vvvQhKvvv%vvv9hGSvvvAvvvMvvvOG|vvv%vvv9hPyvvvx|vvv#Fvvv%vvv9J
|vvvAvvvMvvvZvvvZvvv?(fvvv9|vvv?ChLvvv9Yvvv?)|vvvgvvvAvvvQa6vvv9|vvv#svvv=vvv{GyvvvOhyvvv?.C|qvvv9|vvv"vvvAvvv(Fvvv9JGyvvvRQGfvvv?
Gyvvgvv]vv(*vv?GC"vvAvvGvv?pvv,OhdGyvvgvv9DGyvvDvv9yvvE,pvv;<vvOyvv%vv9Cf;vvZvv{fvv̂GyvvAvvQGLvv+vv[Gyvv;R|vv?
|vv#svv=vv{G@vv%vv9JGCgvv"vv+vv?pvv,G:;vv9OG}hQhN.hpvv,Svv=vv+vv{@vvz|vv_h;vvtvv+vvuPyvvx,fvvtvvOJ
G@v%v9JGCAvMvZvZv?G}hQh<v+?G@vqv9sv9J|vhG@v%v9JGCAvMvZvZv?pv,GyvOhdiv+vQG}hQh<v+?
(!vv9|vv+vv?Ch|vvAvvavv(QICLvvQi).|vv#Fvv%vv?CLvvQiKvv>Cf;vv}vv{|vv"vvAvv(Fvv9JGyvvRQGfvv?Gyvvgvv]vv(*vv?
yZ9s9J@A]}#v{|"%9Gy"t9WGyA9y+?:

!GS~GyWQv?.

!!T=?GyRQGf?Gyg](*?(EPGv9!BCv=Q|#95p,GC8?Ce:?).

!G@%?GCZOQIyzW%9OIhQs~GyAQL+[.

!Q|RG@%?hGyWQv?hQs~GyWJ"?.

!GCw(!9JhGy(RfGyZ9p,.

!@9Q*NG!A%9AGyZ;I+?h|tAQI9JGA}9*?.

!f"(GfGyWQv?.
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C9|"9
k

:GSAMOGeGC=+OGJGyw+}+9F+?hBC9Q$9p,Gy(_#GygQN
pv,Hv9dG !vAv9LEv9QS<vgv̂GyvOhdGyvgvQ<v+?E!vAv9LC!v(GY|vgv+"?|v#GC=v+vOGJ,vv}v9

$vvv(GAvvv9dpvvv,|vvvZvvvQhG |vvv9QGJGyvvvgvvvQ<vvv+?GCAvvvJvvvOIh@vvv(!vvvUhG@vvvRGFvvvQhSvvv(Q*vvv9hG}QOf
hGyvvwvv(*vvBhGyvvgvvQGbhGCjvvQHhGyvvTvvgvv(O*vv?.hivv9yvv=vv9

k
|vv9*vvAvv~E!vvAvv9L$vvPgGC=vv+vvOGJE|qvv9|vv#svv=vv{

VvQvv9JIvz+?(Sv(Q*v9h|vZvQ),Ch<v9yvAvgv9hf<v+#GyvWvQvv9JGCJvz+?hGyvWvQvv9JG}Fv"v=v+v?
(G@vvRGFvvQhG |vv9QGJGyvvgvvQ<vv+?GCAvvJvvOI).h:*vvjvvavv,G !vvAvv9LGCJvv\$vvPGSvv(iFvvRA*vvTvv+vvQ
|vvv#Gyvvvavvvzvvv>fvvv̂GSvvvAvvv%vvv;cGC=vvv+vvvOGJpvvv,Gyvvv(_vvv#GyvvvgvvvQNGyvvvPj@vvv||vvv"vvv&Ohyvvv&fvvv#_vvvQ*vvvu
G:SvvvAvvv+vvvQGOGyvvvPjGQ@vvvqvvvh|vvv#73Cyvvvr_vvv#fvvv9e1984,E]svvvQG<vvv?100Cyvvvr_vvv#pvvv,
|vv"vvZvvrGyvvAvvTvvgvv+"+vv9J|vv#GyvvtvvQfGC9\vv,(44).E:Cf

q
$vvPgGyvvwvv}vv+vv?G!vvMvvqvv]vvBE]30Cyvvr

_vvv#pvvv,GyvvvTvvv"vvv(GJG}Lvvv+vvvQI,h<vvv9yvvvAvvv9[G!vvvMvvvqvvv]vvvBsvvv+vvv}vvvAvvv%vvv9|vvv#466|vvvz+(fOh:Qfvvv9e
1992E]241|vvvz+(fOh:Qfvvv9e1998(45).h*vvvgvvv(O$vvvPGG:!vvvMvvvqvvv9VGyvvv(G\vvvKpvvv,

|TA(QOGJGC=+OGJp,Gy(_#GygQNE]G}S=9HGyA9y+?:

!GyAQV+Op,GSAMOGeGC=+OGJ.

!GyAt+O<9yAgz+}9JGyZJ+J?y;SAMOGe.

!@OQ*>Gyg9|z+#f^GSAMOGeGC=+OGJ.

!s+9eY"9f?h:%+RGC=+OGJp,|gd~GyOhdGygQ<+?.

!G:Q@q9YGy=9$ep,CSg9QGC=+OGJ.

!GCM9_QGyw=+QIGyA,;OC%9Cw(!9JGy=+8?(G !T9fhGA+(GfhGy"=9J).

!GfvvAvv}vv9O<vvQG|vvHGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9Jpvv,Gyvv=vvzvvOGfGyvvgvvQ<vv+?vvvzSvv9SCwvv9pvvJvv?
G6p9J.

!IdQGSA+QGOGyOhdGygQ<+?fOOG
k

v=+QG
k
!T=+9

k
|#GC=+OGJ(46).

$vPGh@vTvAv(QOGyvOhdGyvgvQ<v+?GC=v+vOGJGyvwv+v}v+v9Fv+v?|v#CQ<vhHv}v(fv9J$v,:Gyvwvzv(Q
Gyvgv]v(*v?;Gyvqv(Svqv(QGyvgv]v(*v?;Gyvwv9Q<v9|v+vB;hGyv=v9*vQCvQh*vO.hPyvx<vzVvwv9yv%v9G}Sv9Sv+v?
yvvzvv}vv=vv+vvOGJh$vv,:|vv=vv+vvOGJCfvvWvv9H;|vv=vv+vvOGJIvvWvvQGJ;|vv=vv+vvOGJpvvavvQ*vv9J;h|vv=vv+vvOGJ

(44)|vv9Rffvvwvv9hj,Gyvvtvv(G!vv+#GC"vvdvv}vv?:SvvAvv+vvQGOh@vvTvvGvv+vv{h@vvOGhdh<vvR*vv#GC=vv+vvOGJ,h|vvOi|vv;A|vv?$vvPg
Gyt(G!+#ydQhaGy(_#GygQN(f}9f:G@9|g?G}QO!+?,vz+?GyRQGf?,1995).

(45)\+rGyz&GyQGFJ,,@WQ*hhhs9*?|A=t+9JGC=+OGJ(GyQ*9V:F9|g?GCzxSg(O,1995).

(46)GC"vdv}v?GyvgvQ<v+?yvzvAv"v}v+v?GyvRQGfv+v?,OQGSv?@v"vTv+vuh@vWvQ*vgv9JGSvAv+vQGOh@vOGhd|v=v+vOGJG6pv9JGyvRQGfv+v?
p,Gy(_#GygQN(GBQ_(e:GC"d}?,1996).
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CLvvQi.$vvPGh@vvAvv=vvzvv(QG6Cvv9QG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvv=vv+vv8vv+vv?:SvvAvvMvvOGeGC=vv+vvOGJpvv,
Gy(_#GygQN<Wwz+#G9:

1vvvvvG6C9QG:sAZ9O*?hG:FA}9f+?:SAMOGeGC=+OGJp,Gy(_#GygQN
fv̂|vTvAv(iGyv(_v#GyvgvQNsvOqQG:LvAvZv9Yv+v(fGCAvqv9Fvzv(fIvGv~GBvTv9FvQGyv"v9:v?

|vvv#G6pvvv9JGyvvvRQGfvvv+vvv?pvvv,Gyvvv(_vvv#GyvvvgvvvQN<vvvvv15pvvv,GC8vvv?|vvv#G !vvvAvvv9LGyvvvRQGfvvv,.hfvvv̂
GyvQiv~|v#G!vMvqv9V$vPgGyv"vTv=v?<v9Ctv9Q!v?|vh!vTv>GBvqv̂pv,GyvOhdGyv"v9|v+v?(C|vQ*vwv9
Gyvvv;@vvv+"vvv+vvv?33pvvv,GC8vvv?,hCpvvvQ*vvvtvvv+vvv944pvvv,GC8vvv?)(47),E:C8vvv9EvvvDvvv{vvvv}vvv+vvv?vvvv=vvv+vvvQI|vvv#
G !vvvAvvv9Lpvvv,Gyvvv(svvvBGyvvvPj*vvvTvvvAvvv(QOGyvvv(_vvv#GyvvvgvvvQN|vvv9*vvvR*vvvOfvvv#32|vvvz+(f_vvv#|vvv#
GAvvv=vvv(HSvvv"vvv(*vvv9

k
yvvvAvvvjvvvavvv+vvv?Gyvvvavvvzvvv>fvvv̂GyvvvjvvvPGA.hEPGfvvvzvvv}vvv"vvv9Cf

q
Svvvwvvv9fGyvvv(_vvv#GyvvvgvvvQN

Sv+vAv]v9fvqv(fLv;dGyvQ<vhG}hd|v#GyvtvQfGAv9[,h<v9yvAv9[Sv+vAv]v9fvrGyvavzv>GAv9[
fvv̂GC"vvAvv(Fvv9JGyvvjvvPGFvv+vv?,pvv{!vv&|vv#GyvvZvvgvv(<vv?<vv}vvwvv9fGyvvAvv"vv=vv|<vv}vv9Svv+vvwvv(ffvvz+&Gyvv(\vvh
B!vvvvPGcpvvvv,|vvvv9EPG<vvvvtvvvv,G !vvvvAvvvv9LGyvvvvRQGfvvvv,fvvvv̂|vvvv9$vvvv(fvvvvz+&G6fhGsvvvvgvvvv9

k
;vvvvBh_vvvvzI

G:fA}9Of^GC=+OGJ.

GyT|GdGyPjK>G F9<?f"&|#s={Gyq"+_hG:sAZ9O*_$(:

${!TAMOeCh:!TAMOeGC=+OGJ?

yvvtvvOCFvv9HvvvQG|vvQ(Cramer)|vv"vvPfvv9e1967fvv#GyvvTvv|GdGCPvvv(Q,h|vv9RGdQC*vv&
Yvv9Avv9

k
E]G6fpvv,!vvdvvQGyvv=vvgvv̂,Ivv+vvEsvv9d:Ef|vvWvvwvvzvv?GyvvjvvPGApvv,Gyvvgvv9D,h<vvavv=vv+vvgvv?

GAvvv9d,pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvv(_vvv#GyvvvgvvvQN:*vvv}vvvwvvv#Ivvvz
q
vvv%vvv9E:fvvv#_vvvQ*vvvuGSvvvAvvvMvvvOGe

GC=+OGJ.

pvvvv,Ivvvv9dGC(Gpvvvvtvvvv?fvvvv̂GyvvvvQCjGyvvvvTvvvv9<vvvvu,:<vvvvO|vvvv#GC(GR!vvvv?<vvvv+#pvvvv(GFvvvvOChfvvvv(GFvvvvO
GSvvAvvMvvOGeGC=vv+vvOGJ,hJvv9_vvQGSvvAvvMvvOG|vv%vv9yvvwvv{|vv#fvv"vv9YvvQGyvv=vv+vv8vv?GCMvvAvvzvvqvv?,E\vv9pvv?E]
\vvvQhQIEFvvvQGAGyvvvOQGSvvv9JG}Svvv9Svvv+vvv?fvvv̂GC=vvv+vvvOGCQGOGSvvvAvvvgvvv}vvv9yvvv&,hfvvv̂GAvvvWvvvQIGCQGO
|vvvtvvv9h|vvvAvvv%vvv9,hfvvv̂Gyvvv"vvv=vvv9JChGCJvvvZvvv(dGyvvvPj@vvvgvvv+vvvXfvvvz+&G6pvvv?.hy+U$vvv"vvv9cHvvv9d
yv;SvAvgv9!v?<vOQGSv9J|vWv96v?CFvQ*vBpv,C|v9vv#CLvQi,Sv(GA|v#sv=v{G@v%v9JGCZv"vgv?
yvvvzvvv}vvv=vvv+vvvO,Ch|vvv#svvv=vvv{Ivvvavvv9J<vvvJvvv(KCLvvvQi|vvvjvvv9*vvvQIC9$vvv(|vvvAvvv(GpvvvQpvvv,GC"vvvavvvtvvv?svvv+vvvO
G:SAD}9QGyRQGf,.

(47)fvvv9Yvvv~fvvv\fvvv=vvvOGyvvvQ>vvv#,@vvtvv(*vv~Gyvv(\vvhGyvvQG$vv#:SvvAvvMvvOGeGCwvv9pvvJvv?GCAvvwvv9|vvzvv?pvv,Gyvv(_vv#GyvvgvvQN
([O.e.:O.f.],1999).
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$vvPG,hKvv>;vvO*vvOGyvvgvvAvv=vv9JG:svvAvvZvv9O*vv?pvv,G@vv%vv?GyvvAvv,*vvQGOQTGC=vv+vvOGJpvv+vv%vv9,
h:Kv(R@vav=v+vufvAv=v9JGsvAvZv9O*v?|vTvAvgv}vzv?pv,Fv%v9JCLvQifv̂G@v%v?GCOQhSv?IvAv)
hyv(vv9fGCJvZv(d!vqvTv&,hPyvx,<vTv=v>GLvAv;aGyvgv(G|v{Gyv=v+v8v+v?hCGv%v9GC"v9N<vZv(Qg
GCMvvvAvvvzvvvqvvv?(|vvvDvvv;

k
GyvvvgvvvAvvv=vvv?G:svvvAvvvZvvv9O*vvv?yvvvzvvvOhOIG}|vvvQ*vvvwvvv+vvv?pvvv,ivvvQHGyvvv(:*vvv9JGyvvv(Svvvavvv)

yvvvzvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?$vvv,10vvvvv20*vvvQsvvv?yvvvwvvv{100!vvv=vvv9J,pvvv,Ivvv_GyvvvgvvvAvvv=vvv?
G:sAZ9O*?yzOhOI!qT%9p,GyT(OGf$,10*Qs9Jyw{100!=9J(48).

pvv,$vvPGGBvvZvv(Uh!vvJvv#pvv,<vvOG*vv?G}yvvqvv+vv?GyvvDvv9yvvDvv?*vvavvQMC*vv]vv9
k

GyvvTvv|GdGyvvAvv9[fvv̂
Gyq"+_hG:sAZ9O*_GyRQGf+_f^|TA(iGy(_#GygQN:

${sag"9V(_9
k

|gt(:
k
p,@tO*QGCg9*+QGB9Y?<9C=+OGJ,h$,:

!|TA(iGy]QQG:sAZ9Oj(Economical Injury Level)?

!GAOG:sAZ9OjGAQL(Economic Threshold)?

!h\hG:@RGfGyg9e(General Equilibrium Position)?

Ef
q

;vvO*vvOGCgvv9*vv+vvQGyvvDvv;Cvv?GCPvvv(QIy+TvvB<vv9yvvTvv%vv(yvv?GCAvvZvv(QI,vvv(8vv9@vv=vv"vv)fvv̂
CSvvvU<vvv+8vvv+vvv?@vvvQ@vvv=vvvb<vvv9yvvvdvvvQhaGC"vvv9Lvvv+vvv?hGAvvv+vvv(*vvv?h<vvv9yvvvgvvv9Fvvv{,E:CfGCRGQY*vvvzLvvvPfvvv9OI
<9yg(G|{Gy]QhQ*?G6@+?yAJO*OGy]QQG:sAZ9Oj.

!v}+?Gy]QQGya=+g,hGQ@=9_&<9ywD9p9JGCMAzq?|#G Y9<9J<96p9J.

!Gyt+}?Gy"tO*?h@w9y+rE!A9LGCJZ(df^|TA(*9J\QQ_=+g+?JAzq?.

!GyqtOGy"tOjGCQ@=b<}TA(*9JJAzq?|#Gy]QQGya=+g,.

!v}+?Gy]QQGya=+g,GyA,*}w#|"g%9<(S9F{GCw9pJ?.

!Gyt+}?Gy"tO*?@RAGCJZ(dGyPj*}w#@(p+Qg<(S9F{GCw9pJ?.

!Gyt+}?Gy"tO*?y(S9F{GCw9pJ?(49).

2vvvvvG6C9QGy=+8+?Gy"9:?|#GSAMOGeGC=+OGJp,Gy(_#GygQN
yvvvtvvvOIvvvZvvvQG:LvvvAvvvZvvv9Yvvv+vvv(fGCWvvv9vvvv{Gyvvv=vvv+vvv8vvv+vvv?Gyvvv"vvv9:vvv?|vvv#GSvvvAvvvMvvvOGeGC=vvv+vvvOGJpvvv,

G@(G!>GyA9y+?:

(48)!vvZvvQGyvvO*vv#VvvQaGyvvO*vv#,CSv9y+>@vQVv+vOGSvAvMvOGeGC=v+vOGJ(GBvvQ_vv(e:$vv+vv8vv?Gyvv=vvJvv(KGyvvRQGfvv+vv?,
1995).

(49)GCZOQ!qT&.
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vvvvvGSvAvMvOGeGC=v+vOGJpv,|vwv9pvJv?G6pv9JGyvRQGfv+v?hGyvZvJv+v?h$v,|vZvOQGyvAvzv(K
G}S9S,.

vvvvvGCMzq9JGyZ"9f+?.

vvvvv@QI+{GC=+OGJh@(R*g%9h<R*"%9.

C|qvv9GCWvv9vvv{Gyvv"vv9=vv?fvv#GSvvAvvgvv}vv9dGC=vv+vvOGJpvv,GyvvOhdGyvvgvvQ<vv+?pvv+vv}vvwvv#@vvZvv"vv+vvqvv%vv9
v9yA9[:

(1)GCWvv9vvv{GBvv9Yvv?<vv9yvvAvvgvvQVGC=vv9VvvQCAvv=vvtvv+vv9JGC=vv+vvOGJh$vv,:Gyvvgvv9|vv{GC"vvAvvH
yvzv}v=v+vOGJ;Gyvgv9|v{GCGv%vRBvzvbGC=v+vOGJ;fv}qv9dGCwv9pvJv?hGCRGQfv(fGyvgv9|vzv(f<vAvgv=v8v?
Yvvv%vvv9Q*vvvH_vvv9FvvvQGJGyvvvQT;GC%vvv"vvv+vvv(fGyvvvP*vvv#*vvvAvvvgvvvQ\vvv(fyvvvTvvv}vvv(eGC=vvv+vvvOGJGCAvvv=vvvtvvv+vvv?fvvv̂
Gy"=9@9Jhp,GyAQ<?.

(2)GCWvv9vvv{GBvv9Yvv?<vv9yvvAvvgvvQVivv+vvQGC=vv9VvvQCAvv=vvtvv+vv9JGC=vv+vvOGJh$vv,:|vvAvv=vvtvv+vv9J
!=9@+?hI+(G!+?p,GyjPGA,|A=t+9Jp,GC9A,|A=t+9Jp,Gy%(GA,|A=t+9Jp,GyAQ<?.

(3)@vvvzCvvv+vvvQGC=vvv+vvvOGJfvvv̂CFvvvTvvv9eChvvvv9Fvvv"vvv9JIvvv+vvv?|vvvqvvv+vvvOI:!vvvQivvv><vvv}vvvgvvv9|vvvzvvvAvvv%vvv9:
_vvqvv+vvz+9J,pvv+vvQhSvv9J,Ivv+vv(G!vv9J<vvQ*qvv?,_vv+vv(Q,|vv(GT

m
,OhOIGyvvtvvRhGyvv"vvJvv{hvvv9Fvv"vv9J

|q+OICLQi.

(4)fvv;svv?GC=vv+vvOGJ<vvdvv9$vvQI|vvtvv9h|vv?G6pvv9Jyvvzvv}vv=vv+vvOGJ:vvvWvv+vv(Y|vvtvv9h|vv?G6pvv9J
C=+OGJ|g+"?.

(5)S(AGSAg}9dGC=+OGJ|#s={GCTAMO|_h*t(OPyxE]|W9v{\9QI6~.

h<vv+"vv}vv9*vv|OjGyvvAvvgvvQVGC=vv9VvvQhivv+vvQGC=vv9VvvQCAvv=vvtvv+vv9JGC=vv+vvOGJE]@vvqvv9fvv;JSvv9|vv?
pvv,Gyvv"vvdvv9eGAvv+vv(j@vv"vvgvvwvvU<vvz!vv(GYJvvAvvzvvqvv?|vv#GyvvTvv}qvv+vv9J(Ivv9OI<vvAvv"vv9hdFvvQfvv9Jvvv=vv+vvQI,
;vB|vR|v"v?<vAv"v9hdFvQfv9JCsv{|v#GyvTv9<vtv?,h|vR|v"v?<vAv"v9hdFvQfv9JYvjv+vQI)@v|CvQpv,
G !vvTvv9f,pvv{f

q
GCWvv9vvv{Gyvv"vv9:vv?G}LvvQi@vv|CvvQpvv,Gyvv"vv=vv9@vv9JhGAvv+vv(G!vv9JGyvvAvv,@vvtvvOepvv(GFvvO

h|vv"vv9pvvhyvv5!vvTvv9f.G}Vvvwvv9dCQsvv9e(6vvvvv1)h(6vvvvv2)h(6vvvvv3)@vvgvvQVyvvAvvzCvv+vvQGC=vv+vvOGJ
f^f"9YQGy=+8?GCMAzq?.

yvvtvvOG$vvAvv}qvvBFvv9|vvgvv?GyvvOhdGyvvgvvQ<vv+?hGC"vvdvv}vv9JGyvvgvvQ<vv+?GC"vv=vvDvvtvv?fvv"vv%vv9,vvv}vv9$vv(
GAvv9d<vv9yvv"vvTvv=vv?E]GC"vvdvv}vv9JGyvvOhy+?hG svvz+}vv+vv?(|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?,
|vv"vvdvv}vv?GyvvZvvJvv?Gyvvgvv9C+vv?,|vv"vvdvv}vv?Gyvvgvv}vv{GyvvOhy+?,|vv"vvdvv}vv?GyvvAvv"vv}vv+vv?GyvvZvv"vv9fvv+vv?h<vvQ!vv9|vvH
G}|vv~GCAvvJvvOIG !vv}vv9Fvv,),h<vvMvv9Yvv?GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?pvv,GAvvO|vv#
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Lvvavv(QIGSvvAvvgvv}vv9dGC=vv+vvOGJ,hPyvvx,<vv}vvTvv9GvvAvv%vv9pvv,Gyvv"vvWvv9_vv9JGyvvqvvgvv9yvv?yvvzvvJvvO|vv#
Lvvvavvv(QIhE!vvvAvvv9LhGSvvvAvvvgvvv}vvv9d$vvvPgGC=vvv+vvvOGJ,hPyvvvx<vvvgvvvtvvvO$vvv9GyvvvgvvvO*vvvO|vvv#Gyvvv"vvvOhGJ
hGC|EvQGJGyvAv,!v(svWvBpv+v%v9=v+vhGC(G\v+vhGCAvgvzvtv?<v9C=v+vOGJ.vv}v9Csv9|vBGyvOhQGJ
GyvvAvvOQ*vv=vv+vv?Ivv(dG:SvvAvvgvv}vv9dGyvvTvvz+~yvv%vv96vvOa7vv+vv8vv?Gyvvwvv(GOQGCAvvOQ<vv?yvvzvvgvv}vv{pvv,Hvv9d
hsvvv9*vvv?Gyvvv"vvv=vvv9@vvv9J,hGfvvvAvvv=vvvQJGyvvvAvvvWvvvQ*vvvgvvv9JGBvvv9Yvvv?<vvv9C=vvv+vvvOGJFvvv9!vvv=vvv9

k
|vvv%vvv}vvv9

k
|vvv#$vvvPg

Gy"W9_9J.

$vvPG,hsvvOG$vvAvv}vvB|vvgvvdvv~GyvvOhdGyvvgvvQ<vv+?<vv(\vvhGyvvtvv(G!vv+#hGyvvAvvWvvQ*vvgvv9JGC"vvdvv}vv?
:SvAvgv}v9dGC=v+vOGJGyvwv+v}v+v9Fv+v?,hIvQYvBfv̂|v(Gvv=v?GyvAvav(QGJGyvgv9C+v?GyvAv,<vQRJpv,
GyvvvTvvv"vvv(GJG}Lvvv+vvvQI,hGBvvv9Yvvv?<vvv"vvvdvvv~EOGQIhGSvvvAvvvgvvv}vvv9dGC=vvv+vvvOGJhGSvvvAvvv+vvvQGO$vvv9,|vvvQGfvvv+vvv?
<PyxS;|?G !T9fhGy=+8?.

GyWw{Qs~(6vvvvv1)
@zC+QGC=+OGJp,f"9YQGy=+8?GCMAzq?

$vvvPGhsvvvOCYvvvOQJvvvv{|vvv#GyvvvOhdGyvvvgvvvQ<vvv+?GyvvvAvvv9y+?:G |vvv9QGJGyvvvgvvvQ<vvv+?GCAvvvJvvvOI,
@vvv(!vvvU,GyvvvTvvv(OGf,G@vvvRGFvvvQ,Gyvvv=vvvJvvvQ*vvv#,Gyvvvwvvv(*vvvB,GyvvvgvvvQGb,svvvavvvQ,|vvvZvvvQ,y+=vvv+vvv9,
|vvv(Q*vvvAvvv9!vvv+9,fvvv}vvv9f,Svvv(Q*vvv9,Gy+}vvv#,G}QOfhGyvvvTvvvgvvv(O*vvv?,@vvvWvvvQ*vvvgvvv9J<vvvWvvvwvvv{svvv(G!vvv+#
h|vvvvQGSvvvv+vvvv~hsvvvvQGQGJhRGQ*vvvv?Ch@vvvvgvvvvz+}vvvv9JLvvvv9Yvvvv?,<vvvvwvvvv{|vvvv#GSvvvvAvvvvgvvvv}vvvv9:JGC=vvvv+vvvvOGJ
hEFvvvQGAGJpvvvJvvvZvvv%vvv9hGyvvvAvvvzvvvvO|vvv#Yvvv;Ivvv+vvvAvvv%vvv9h@vvvOGhyvvv%vvv9h@vvvZvvv"vvv+vvvgvvv%vvv9hGCAvvv9FvvvQI6vvv9,
h@vvQGLvv+vv[PyvvxhGyvvQsvv9<vv?hGyvvAvvqvvAvv+vvXfvv̂GC=vv+vvOGJh<vvR*vv"vv%vv9h:vv%vv+vvR$vv9h@vvTvv(*vvtvv%vv9Cjpvv,
vvv{|vv9*vvAvvgvvzvvu<vv9C=vv+vvOGJ@vvtvvQ*vv=vv9

k
.$vvPGh*vvgvvAvv=vvQGyvvgvvQGbhsvvavvQ|vv#ChGFvv{GyvvOhdGyvvgvvQ<vv+?GyvvAvv,

CYvvvOQJGyvvvAvvvWvvvQ*vvvgvvv9JGBvvv9Yvvv?<vvv9C=vvv+vvvOGJGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?(fvvv9e1968hfvvv9e1970fvvv̂
GyA(G[).
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GyWw{Qs~(6vvvvv2)
Sz(cGC=+OGJp,E_9QGy=+8?

GCZOQ:I}Of}9O,@zC+QGC=+OGJf^Gy=+8?(GyQ<9W:|g%OGAT#GyD9PyzRQGf?hGy=+aQI,1995).

h*vvvAvvv}vvvDvvv{Gyvvv%vvvOaG}Svvv9Svvv,yvvv%vvvPgGyvvvAvvvWvvvQ*vvvgvvv9J<vvv9yvvvQ<vvvb<vvv+#@vvv"vvvdvvv+vvv~EOGQIGC=vvv+vvvOGJ
h>vv9*vv?YvvJvv?G !vvTvv9fhGyvv=vv+vv8vv?hGAvvO|vv#G:SvvAvvMvvOGeivv+vvQGyvvTvvz+~yvv%vv9,vvv}vv9$vv(GAvv9d
<9y"T=?E]v{GyAWQ*g9JGyg9C+?.

hFv9*v|LvPfv̂<vgv̂GyvAvWvQ*vgv9JGyvgvQ<v+?$vPg,C8v9sv"v"qvB<vGv9!v>|v=v+vOGJG6pv9J
GyvvRQGfvv+vv?GC=vv+vvOGJGCTvvAvvgvv}vvzvv?pvv,Hvv9dGyvvZvvJvv?Gyvvgvv9|vv?,hvvvPyvvxG6pvv9JGCAvvavvqvvzvv?fvv̂
GAv+v(G!v9J,vv}v9Vv}v{<vgv]v%v9G6LvQ=v+vhGyvwv+v}v+v9Fv+v9JGBvavQI,h$vPGG::v9g*vAv}v9Vv)
fvv}vvz+9

k
|vvhGyvv"vvdvv~Gyvvgvv9C+vv?GAvvO*vvDvv?.h|vv#Gyvv]vvQhQI<vv}vvwvv9fCf@vvWvvQYGyvvOhdGyvvgvvQ<vv+?pvv,

@v"vTv+vu@vWvQ*vgv97v9h@v(Iv+vO$v9pv,Hv9dGC=v+vOGJGyvwv+v}v+v9Fv+v?vv}v9pvgv{G:;v9OG}hQhN|v"vP
pAQI_(*z?.

pvvv,$vvvPGGCGvvv9d:<vvvO|vvv#GyvvvAvvv"vvv(*vvv&<vvv]vvvQhQIhFvvv(OGCMvvvAvvv=vvvQGJGBvvv9Yvvv?<vvvAvvvJvvvz+{
GC=v+vOGJGyvwv+v}v+v9Fv+v?yv]v}v9f@v"vqv+vP|v]v}v(fGyvAvWvQ*vgv9JGCAvgvzvtv?6vPgGC=v+vOGJh|vav9<vtvAv%v9
yvzv}v(GYvqv9JGCgv"v+v?sv=v{G:SvAvgv}v9d.vvPyvx:<vO|v#hFv(OGCMvAv=vQGJGBv9Yv?<vAvJvO*vO
vvv}vv+vv?GCAvv=vvtvv+vv9J|vv#GC=vv+vvOGJGCTvvAvvgvv}vvzvv?pvv,G}hSvv9WGyvv=vv+vv8vv+vv?GCMvvAvvzvvqvv?|vv#E!vvTvv9fhIvv+vv(Gf
h!=9J.
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GyWw{Qs~(6vvvvv3)
@zC+QGC=+OGJf^GC(GQOGy=WQ*?hG !A9LGyRQGf,

GCZvvOQ:\vvv+vvvrGyvvvzvvv&GyvvvQGFvvvJvvv,,@vvWvvQ*vvhhhsvv9*vv?|vvAvv=vvtvv+vv9JGC=vv+vvOGJ(GyvvvQ*vvv9V:Fvvv9|vvvgvvv?GCzvvvxSvvvgvvv(O,
1995).

@9Sg9

k
:Gy"d~GyRQGf+?Gy=O*z?hGCw9pJ?GCAw9|z?y7p9J
v(S+z?yzJO|#G6C9QGyTz=+?yz}=+OGJ

1vvvvv|q%(eGy"d9eGyRQGf,Gy=O*{
pv,GCAvjv+vQGJGyvTv+v9Sv+v?GyvOhy+?h<vMv9Yv?G@vqv9sv+v?Gyvjv9Jh;vQ*vQGyvAvGv9QIGyvgv9C+v?h|v9

*vvAvvQ@vv>|vv#BCvv9Q|vvTvvAvvtvv=vvz+?,@vv(GFvv&Gyvv"vvdvv~GyvvRQGfvv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?hGyvv(_vv#GyvvgvvQN
;vvO*vv9Jsvv(*vv?*vvZvvgvv>;vvO*vvO|vvOG$vv9.h<vv9yvvAvv9[,@vv(GFvv&$vvPgGyvv"vvdvv~GyvvRQGfvv+vv?fvv̂|vvTvvAvv(i
GyvvOhyvv?Gyvv(GIvvOI|vvgvvQvvv?GBvv+vv9QGJhGyvvtvvQGQGJGyvvRQGfvv+vv?GC%vv}vv?svv=vv{vvv{|vv(Svv~RQGfvv,,
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hPyvvx,fvv̂GCTvvAvv(*vv_Gyvvtvv(|vv,hGCRQfvv,(CjGCRGQY),Ivv+vvE@vvavvQMCSvv8vvzvv?vvvDvv+vvQI|vv#
GCTvAv(*v_|vDv{:|v9PG!vRQY?vv+vr!vwv9pvKG6pv9JhGAvWv9FvX?vv+vr!vJv9pvefv̂LvZv(<v?
GyvvAvvQ<vv??vvv+vvr!vvQV

x
vvOGSvvAvvMvvOGeGC+vv9g?|vv9$vv(Gyvv%vvOaG !vvAvv9Fvv,yvvzvvOhyvv?hyvvzvv}vvRGQY?vvv+vvr

*vvAvv~Lvvqvv̂@vvwvv9y+rG !vvAvv9L?vvv+vvr!vv||xvv#@vvjvvavv+vv?GyvvgvvGvvR?vvv+vvr!vvJvvtvvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTAOG|??hi+Q$9GywD+Q|#G}S8z?.

yvv5Fvv9<vv?fvv#|vvDvv{$vvPgG}Svv8vvzvv?:<vvO|vv#!vvdvvQI|vv(\vv(fvv+vv?yvvzvvTvv+vv9Svv9JGyvvRQGfvv+vv?
yvvAvvAvv"vv9ivv~|vvhGyvvgvv;svv9JGyvvRQGfvv+vv?GyvvZvvgvv=vv?h<vvMvv9Yvv?|vv"vv%vv9|vvgvv9@vv?Ch|vvwvv9pvvJvv?G6pvv9Jpvv,
E_vvv9QGCJvvv9pvvvdvvv?fvvv̂GCwvvv(!vvv9JGyvvv=vvv+vvv8vvv+vvv?h|vvv#OhfLvvvzvvv{.|vvv#$vvv"vvv9@vvv=vvvzvvv(Q|vvvqvvv%vvv(e;vvvO*vvvE
G}!}9WGyRQGf+?hpuGy"d~GyRQGf+?Gy=O*z?.

yw#|9$(Gy"d9eGyRQGf,Gy=O*{?

*vvvtvvv(dG:LvvvAvvvZvvv9Yvvv+vvv(fEfGyvvv"vvvdvvv9eGyvvvRQGfvvv,Gyvvv=vvvO*vvv{$vvv(GyvvvAvvvQ=vvv?Gyvvvqvvvgvvvz+?yvvvzvvvRQGfvvv?
GCTvvAvvOG|vv?ChyvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?.yvvtvvOC=vvgvvB|vvgvvdvv~G}Fvv%vvRIGyvv=vv+vv8vv+vv?Gyvvgvv9C+vv?fvv̂
Cf
q

GyvvvRQGfvvv?$vvv,Cvvvv=vvvQ|vvvZvvvOQ,ivvv+vvvQIvvvOO,yvvvAvvvzvvv(KGC+vvv9gGyvvvTvvvavvvJvvv+vvv?,vvvv}vvv9Ef|vvv=vvv+vvvOGJ
G6pvvv9Jh|vvvWvvvAvvvtvvv9JGyvvv"vvvAvvvQGJGyvvvTvvv}vvv9O*vvv?Cvvvv=vvvQ|vvvZvvvOQyvvvAvvvzvvv(KGC+vvv9gG@vvv(pvvv+vvv?pvvv,GC"vvv9_vvvu
GyvvvRQGfvvv+vvv?.*vvv]vvv9aE]Pyvvvx@vvvqvvv9svvv~|vvvWvvvwvvvzvvvAvvv,|vvvtvvv9h|vvv?G6pvvv9Jyvvvzvvv}vvv=vvv+vvvOGJ!vvvqvvvTvvv%vvv9(Pest

Resistance),h|vAv=vtv+v9JGC=v+vOGJ(Presticide Resistance)pv,GyvTvzvTvzv?GyvjvPGFv+v?,h@ovgvAv=vQ
$9@9fGCWwzA9f|#C$~IOOGJGSA}QGQ*?GCw9pJ?<9C=+OGJGyw+}+9F+?.

h@vvQ@vv=vvb$vvPgGyvvZvv(QI:SvvAvvMvvOGeGC=vv+vvOGJ<vvJvvAvv}vv+vv?R*vv9OIGyvvavvzvv>fvv̂GC"vvAvvGvv9J
GyvvRQGfvv+vv?,h<vvMvv9Yvv?pvv,GyvvOhdGyvvgvvQ<vv+?GCtvvQh!vv?<vvR*vv9OIGCOLvv;JGyvvWvvQGFvv+vv?,GyvvAvv,@vv|Oj
<vvOhQ$vv9E]R*vv9OIGyvvwvvzvvqvv?Gyvvwvvz+?Gyvvqvvgvvz+?<vv9yvv"vvTvv=vv?E]GCRGQYhGyvvOhyvv?.yvvtvvOFvvgvvzvvB$vvPg
G:fvvAvv=vv9QGJ=vv+vvgvv%vv9GC(svvrGyvvRQGfvv,pvv,OhdGyvv(_vv#GyvvgvvQNfvv"vvO|vvqvvAvvQb_vvQb,Ivv+vvE
*vv=vvJvvEGyvvgvvO*vvO|vv#$vvPgGyvvOhdfvv#<vvOGFvv{yvvzvv"vvdvv~GyvvRQGfvv+vv?GAvv9y+?|vv#Vvvz8vv9:@vvgvvdvv+vv~
G !vvAvv9LGyvvRQGfvv,h;vvtvv+vvuGyvvAvv(GRfGyvv=vv+vv8vv,,hPyvvx<vvAvv=vv"vv,Fvv9QSvv9JRQGfvv+vv?|vvgvv+"?;vvtvvu:
Lq^Gywzq?,hGAq9Xf^CY{GCZOQ,h>9*?YJ?G !T9f.

EPG
k

,*v}vwv#Gyvtv(dEf$vOa!vdv9eGyvRQGfv?Gyv=vO*v{*vAv}vDv{<vAvwv9|v{hGsvAv"v9UGyvqv9FvOI
|v#GyvAvOGLv;JGyv"v9=v?_v=v+vgv+v9

k
hGC|vvOIpvzvTvqv?G OGQIhGyvAvJvwv~<v9yvgv;sv9JGyv=v+v(yv(Fv+v?,

hK>CfLtuGy"d9eGy=O*{GyRQGf,G}$OGaGyA9y+?:

vvvvvEfvvvavvv9AGyvvvOhQG}vvvv=vvvQyvvvzvvvgvvv}vvvz+9JGyvvvavvv=vvv+vvvgvvv+vvv?pvvv,G !vvvAvvv9LGyvvvRQGfvvv,|vvvDvvv{:OhQGJ
GyAjP*?,GyAD=+BG}RhO,f;s?G6p?<9CqAQS9J.
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vvvvvG sv;d|v9C|vwv#|v#GSvAvMvOGe|vTvAvzvR|v9JG !vAv9L|v#Lv9QLGCRQfv?GyvAv,*vwv(f
y%9@zC+Q\9Qf^GCw(!9JGy=+8+?hf^YJ?GC"AHGCRGQYhGCTA%zx.

vvvvv@vvgvvdvv+vv~OhQGyvv"vvdvv~G !vvAvv9Fvv+vv?Gyvvtvv9Fvv}vv?fvv̂Fvv+vvRGJG@vv%vvOGyvv(QGCvv,hGyvv=vv+vv(yvv(Fvv,
}!(GYGy"=9@9JhGA+(G!9J.

vvvvvGyvvvAvvv"vvvTvvv+vvvu<vvv+#Gyvvv"vvvdvvv~GCJvvvZvvv(y+?hFvvv%vvvO$vvv9G !vvvAvvv9Fvvv,<vvv9yvvvAvvv(Gpvvvu|vvvhGCJvvvOOGJ
Gya=+g+?y~QG\,GyRQGf+?y]}9f@"}+?|TAOG|?.

vvvvv;vvtvv+vvuvvvqvv9AIE!vvAvv9Fvv+vv?<vvQ<vvJvv+vv?fvv=vvQ;vvTvv_G OGQIGCRQfvv+vv?hGAvvqvv9Xfvv̂GC(GQO
Gya=+g+?.

CLvvv+vvvQG
k
*vvv}vvvwvvv#Gyvvvtvvv(dEf

q
GyvvvRQGfvvv?Gyvvv=vvvO*vvvzvvv?@vvvWvvv}vvv{|vvvOikhGSvvvgvvv9

k
|vvv#GC}vvv9QSvvv9J

GyRQGf+?GyA9y+?:

vvvvv@vvavv=vv+vvuGyvv"vvdvv~GyvvRQGfvv+vv?Gyvvgvv]vv(*vv?(CjfvvOeGSvvAvvMvvOGeGyvvwvv+vv}vv+vv9Fvv+vv9JGyvvZvv"vv9fvv+vv?
v}TAzR|9JE!A9L).

vvvvv@=",GCw9pJ?GCAw9|z?y7p9J.

vvvvvGSAMOGeGyOhQGJGyRQGf+?GCTA%Op?.

vvvvv;T_YJ?GCJ9Y+{.

vvvvvGyAD=+BGyg](jy;RhJ<9yAQ<?.

vvvvvGC}9QS9JG:SARQGf+?.

vvvvv|g9|;JGAQK.

h@vvvgvvvAvvv=vvvQGCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?yvvv7pvvv9J(Integrated Pest Management (IPM))GyvvvAvvv,
;vOCv"v9fv"v%v9<v{Sv%v9HSv9<vtv9

k
,EIvOi$vPgGC}v9QSv9JGyvRQGfv+v?GC%v}v?GyvAv,fv}qvBGyvOhd

GygQ<+?L;dGyqAQIG}L+QI|#GytQfGygWQ*#.

$vvPG,h*vvgvvAvv}vvO!vvdvv9eGCwvv9pvvJvv?pvv,GyvvOhdGyvvgvvQ<vv+?GCTvvAvvMvvO|vv?yvv&fvv̂G@vv=vv9YhSvv9Fvv{
|vwv9pvJv?yv7pv9JJvAvzvqv?<v}v9pv+v%v9GCwv9pvJv?Gyvwv+v}v+v9Fv+v?GCJvOhOI,h$v,vv}v9*v\:GCwv9pvJv?
GC+vvwvv9!vv+wvv+vv?,GCwvv9pvvJvv?GyvvRQGfvv+vv?,GCwvv9pvvJvv?GAvv+vv(*vv?,GCwvv9pvvJvv?Gyvvwvv+vv}vv+vv9Fvv+vv?;hEYvvOGQ
GyAWQ*g9JhGyt(G!+#GB9Y?<}"hOL(dG6p9Jh@a=+us(GfOGAGQGyRQGf,.

C|q9f"9YQGCw9pJ?GCAw9|z?pAA}D{<vv:

vvvvvGyaq+z+9JhGCqAQS9J
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vvvvvGC=+OGJGC+wQh<+?|D{:Gyq+QhS9J,Gy=wA+Q*9,GyqaQ*9J,hGy"+}9@(OG.

vvvvvGyvv%vvQ|vv(!vv9JhCVvv=vv9gGyvvwvv+vv}vv+vv9Fvv+vv9J|vvDvv{:Gyvv%vvQ|vv(!vv9J,Gyvvqvv+vvQ|vv(!vv9Jh|vv9!vvgvv9J
GyAjP*?.

2vvvvvCSU<QG|HGCw9pJ?GCAw9|z?p,Gy(_#GygQN
*vvtvv(dGyvvOvvvAvv(Qfvv=vvOGyvvQ>vv#pvv,$vvPGGCGvv9dE!qvv&|vv#G}Gvv+vv?<vv}vvwvv9fG:yvvAvvRGeGyvvAvv9e

<9}SUGyA9y+?y=QG|HGCw9pJ?GCAw9|z?.

CvvvvvGCgvvQpvv?GyvvOsvv+vvtvv?<vv96pvv?GCgvv"vv+vv?,hIvv+vv97vv9,hfvv(GFvvzvv%vv9,hC|vv9vvv#hFvv(O$vv9hIvvZvvQ
=+hG}fOGAGya=+g+?y%9,h|gQp?Gyg(G|{GC"9L+?GC|CQIp+%9hp,CfOGF%9.

HvvvvvOQGSvv?CCvvQ;vv(*vvQGyvvgvv}vvz+9JGyvvRQGfvv+vv?GBvv9Yvv?<vv9CJvvZvv(dGCgvv"vv,fvv̂CfvvOGO
G6pvv?GCgvv"vv+vv?h<vvMvv9Yvv?GyvvwvvDvv9pvv?GyvvRQGfvv+vv?,GyvvAvvTvv}vv+vvO,pvvAvvQGJGyvvQj,|vv(Gfvv+vvOGyvvRQGfvv?,
h<9yA9[@tz+{CfOGOG6p?v(!&LbGyOp9YG}hdp,|w9pJ?G6p?.

LvvvvvIvvZvvQh|vvtvv9Q!vv?G}Yvv"vv9aGCAvv(GpvvQIpvv,GCJvvZvv(dGCgvv"vv,hOQGSvv?CCvvQGyvvZvv"vvr
f^!}(h@a(QG Y9<?<96p?.

OvvvvvIvvvZvvvQG}fvvvOGAGyvvvavvv=vvv+vvvgvvv+vvv?GCJvvvz+?vvvv(8vvv9$vvv,Gyvvvgvvv}vvv(OGyvvvqvvvtvvvQjyvvvzvvv}vvvwvvv9pvvvJvvv?
GCAw9|z?,hOQGS?pgq9y+?G}!(GYGC%}?|"%9.

$vvvvvvvvvvGyvvvAvvvJvvvz+{G:svvvAvvvZvvv9OjGyvvv"vvv%vvv9Fvvv,GyvvvPj*vvvQiCf
q

GyvvvQ<vvvKC$vvv~|vvv#G !vvvAvvv9Fvvv+vvv?|vvvh
@(\+KGyq(GFOGyZJ+?hGy=+8+?(50).

h*vQ@v=vb@v"vqv+vP<vQG|vHGCwv9pvJv?GCAvwv9|vzv?<v=v"v9AGyvtvOQGJGyv=vWvQ*v?hGC|SvTv+v?,h@vAv}vDv{
<vvvzQ<vvvgvvv?fvvv"vvv9YvvvQ$vvv,:Gyvvv=vvv9IvvvEhGLvvvAvvvZvvv9Yvvv,Gyvvv(svvv9*vvv?GC+vvvOGP,hGCRGQY,hGC|SvvvTvvv9J
GyvRQGfv+v?ChYv9!vgv,GyvtvQGQGJ.hKv>GC;Ivdv?$v"v9C!v&<vtvOQ|v9@vQhLVvQvv9JGC=v+vOGJ
GyvvRQGfvv+vv?h<vvGvv}vv+vvhGyvv(Svv9Fvv{C"vvAvvGvv97vv9<vv+#Gyvvqvvgqvv9y+9JGC|SvvTvv+vv?hGyvvTvv+vv9Svv+vv?,Kvv>fvv̂
GC%vvvAvvv}vvv_<vvv=vvvQG|vvvHGCwvvv9pvvvJvvv?GCAvvvwvvv9|vvvzvvv?GyvvvAvvvQh*vvvHyvvv%vvv9h<vvv9yvvvtvvvOQGJ!vvvqvvvTvvv%vvv9<vvv+#Gyvvvqvvvgvvv9y+9J
GyT+9S+?hGC|ST+?.

Lvvvvv!}9PLGCw9pJ?GCAw9|z?y7p9Jp,GyOhdGygQ<+?

vvv}vv9PvvvQ!vv9*vvavv=vvu!vvdvv9eGCwvv9pvvJvv?GCAvvwvv9|vvzvv?GCPvvv(Q<vvWvvwvv{vvv=vv+vvQpvv,GyvvOhdGCAvvavv(QI

(50)f=OGyQ>#,@t(*~Gy(\hGyQG$#:SAMOGeGCw9pJ?GCAw9|z?p,Gy(_#GygQN.
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hpvv,fvvOO:<vvzS<vv&|vv#GyvvOhdGyvv"vv9|vv+vv?,C|qvv9pvv,GyvvOhdGyvvgvvQ<vv+?pvvtvvO!vvGvvK@vvavv=vv+vvu$vvPG
Gyvv"vvdvv9epvv,GyvvgvvO*vvO|vv"vv%vv9,h<vvMvv9Yvv?|vvZvvQhGyvvTvv(OGf<vv9yvv"vvTvv=vv?E]IvvZvv(dGyvvtvvavv#;hOhd
GCjvQHGyvjvQN(GCjvQH,@v(!vUhG@vRGFvQ)<v9yv"vTv=v?E]|vwv9pvJv?GyvP<v9<v?Gyv=v+v]v9AGyvZv(pv+v?
f#_Q*uEOL9dGyaq+{(Noaskicales).

C|qv9pv,Sv(Q*v9pvtvO<vOCG:$vAv}v9e<vOQGSv?Gyvgv;sv?<v+#G6pv9JhCfvOGFv%v9GAv+v(*v?|v"vP
|vvvavvvzvvvhGyvvvtvvvQfGAvvv9[,E:C8vvv9@vvvQvvvvRJpvvv,GyvvvTvvv=vvvgvvv+"+vvv9J|vvv"vvv&pvvv,vvvvz+9JGyvvvRQGfvvv?pvvv,
G@vv9|vvgvv9JGyvvTvv(Q*vv?h<vvMvv9Yvv?Ivvzvv>hO|vvWvvu,hpvv,hRGQIGyvvRQGfvv?hG Yvv;MGyvvRQGfvv,
FvvDvvzvv?<vv}vvO*vvQ*vv?Gyvv=vvJvv(KGyvvgvvzvv}vv+vv?GyvvRQGfvv+vv?,h<vvMvv9Yvv?pvv,<vvTvv9@vv+#GyvvR*vvAvv(fhGAvv}vv]vv+vv9J
hGyvtvav#hGCJv9Yv+v{Gyv"vGv+vz+?hGyvjv9<v9J,h<v9yvAvgv9hf|vhGC"vdv}v9JGyvgvQ<v+?hGyvOhy+?PGJ
Gyg;s?.

svv9|vvB|vvO*vvQ*vv?hsvv9*vv?GCRQhfvv9Jpvv,hRGQIGyvvRQGfvv?hG Yvv;MGyvvRQGfvv,hGCwvv9@vv>
GCMvvAvvZvv?,vvv}vvwvv9@vv>Gyvvtvvavv#hGAvv}vv]vv+vv9JhGyvvR*vvAvv(f,h<vv9yvvAvvgvv9hf|vvhvvvz+?GyvvRQGfvv?pvv,
Fv9|vgv?Ivzv>,<v{fvOGOGyvOQGSv9JGyvqv"v+v?hG:svAvZv9O*v?yvgv}vz+9JEIv;dGCwv9pvJv?GAv+v(*v?
GCAvwv9|vzv?Iv{GCwv9pvJv?<v9C=v+vOGJhGC(GOGyvwv+v}v+v9Fv+v?G}LvQi,hPyvxyvAvJvtv+vuGyvgvO*vO|v#
G}$vvOGa*vvzOpvv,|vvtvvO|vvAvv%vv9<vvqvv+vv̂G}CvvQGyvvTvv}qvv,yvv%vvPgGC=vv+vvOGJfvv̂vvv{|vv#G !vvTvv9f
hGAvv+vv(GfhGyvv"vv=vv9JGyvvPj*vvZvv{E]$vvPgGyvvwvv9Fvv"vv9J,<vvgvvOG!vvJvv;dGC=vv+vvOGJ<vv}vv+vv9gGyvvZvvQa
hG}89QhGC+9gG@(p+?.

h*t(e!d9eGCw9pJ?GCAw9|{y7p9JGCPv(QIf^G@=9YGCQGI{GyA9y+?:

CvvvvvGCQGs=?GyOhQ*?hGyQYOhGyA"=|<9BaQy~_(GQGyw9|z?hi+QGyw9|z?y7p?.

HvvvvvGfA}9OGygA=?G:sAZ9O*?y7p?.

LvvvvvGCw9pJ?<9yaQbGyRQGf+?.

OvvvvvGCw9pJ?<9yaQbGA+(*?.

$vvvvvvvGCw9pJ?Gyw+}+9F+?(51).

hyvvvOi@vvvZvvv}vvv+vvv~$vvvPgGyvvvAvvvGvvvQ<vvv?fvvv̂!vvvavvv9bIvvvZvvv(dGyvvvtvvvavvv#(200vvvvv250Cyvvvr
$vwvAv9Q),hGyvtv}vK(1761Cyvr$vwvAv9QhGyvR*vAv(f145Cyvr$vwvAv9Q)h<vtv+v?GCJv9Yv+v{
hG}VvvvGvvv9QGCDvvv}vvvQIG}LvvvQi,pvvv{!vvv&*vvv}vvvwvvv#@vvv(pvvv+vvvQ|vvv9:*vvvtvvv{fvvv#1123|vvvz+(fy+QI

(51)=vvgvv?E<vvQG$vv+vv~,!vv}vv9PLGyvvAvvGvv9QHGyvvgvv9C+vv?hGyvvgvvQ<vv+?Gyvv"vv9FvvJvv?pvv,Hvv9dGSvvAvvMvvOGeGCwvv9pvvJvv?GCAvvwvv9|vvzvv?
(Iz>:F9|g?Iz>,1999).
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S(Q*?s+}?|(GO|w9pJ?@Opg%9S(Q*9S"(*9
k
<9yg}z?GyZg=?(52).

$vvPgGyvvAvvGvv9QHGyvvgvvQ<vv+?yvvzvv}vvwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9J,*vv}vvwvv#@vvgvv}vv+vv}vv%vv9<vvWvvwvv{Ch
<v5LvQ,fv̂<vtv+v?GyvOhdGyvgvQ<v+?G}LvQi,|vh|vQGfv9IGyvgv(G|v{GC"v9Lv+v?hEFvQGAGyvAvGv9QH
GC+vvOG!vv+?fvvz+%vv9.h!vvdvvQG

k
E]CGvv+vv?GyvvAvvgvv9hfGyvvgvvQNpvv,$vvPGGC]vv}vv9Q,*vvqvv]vv{GAvvO*vvEpvv,

GyvqvtvQIGyvAv9y+?fv#G@v(G!v>G Kv9<v+?yv%vPGGyvAvgv9hf,h|vgvQpv?Gyvgvtv=v9JGyvAv,@vgvQsvzv&hvv+vqv+v?
GyAjz>fz+%9.

4vvvvvGyAg9hfGygQNp,H9dGCw9pJ?GCAw9|z?
!vvdvvQG

k
E]Gyvv]vvQhQGJGyvvgvvzvv}vv+vv?hG:svvAvvZvv9O*vv?hGyvvQhG<vvbG}Lvv(*vv?GyvvAvv,@vvQ<vvbCsvvavv9Q

Gyvv(_vv#GyvvgvvQN,pvv}vv#G}Gvv+vv?<vv}vvwvv9f,h!vvJvv#!vvQiCfGCGvvAvv}vvhGyvvOh[svvOCYvv=vvKsvvQ*vv?
hGIvvOI*vvAvvqvv9fvv{h*vvAvvgvv9hfCpvvQGO$vv9|vvgvv9

k
vvvvvh|vv9Ryvv"vv9!vvJvv#pvv,GCGvvAvv}vvhGyvvgvvQN<vvgvv+vvO*vv#fvv#

GyvvAvvgvv9hf|vvgvv9
k

IvvAvv)pvv,Hvv9:J@vv(pvv+vvQGyvvjvvPGAvvvvv!vvQiCf@vvAvvgvv9hfGyvvOhdGyvvgvvQ<vv+?pvv,Hvv9d
GCw9pJ?GCAw9|z?h<M9Y?C8q9:

Cvvvvv|AW96?<9C"AG9JGy"=9@+?s,JAzrC!(Gf%9p,Gy=;OGygQ<+?.

Hvvvvv|vvAvvWvv96vv?<vv9yvv"vvdvv~GyvvRQGfvv+vv?GyvvAvvtvvz+O*vv?GyvvgvvQ<vv+?GCQh*vv?hGCavvQ*vv?hGyvvQfvv(*vv?h_vvQb
GyQjGCMAzq?.

Lvvvvv|vvAvvWvv96vv?pvv,GCWvv9vvv{GCAvvgvvzvvtvv?<vv9Cwvv9pvvJvv?GCAvvwvv9|vvzvv?pvv,Gyvv=vv;OGyvvgvvQ<vv+?Svv(GA|vv#
I+EG6p9JChf(GFz%9ChGydQhaGCJ+a?69.

Ovvvvv@(GpQL=QGJv9p+?p,Gy(_#GygQNp,H9dGCw9pJ?GCAw9|z?.

$vvvvvvv|AW96?<9yAWQ*g9JGCAgzt?<9C=+OGJGyw+}+9F+?.

hvvvvvhF(OJA=QGJ;z+{GC=+OGJh|A=t+979p,GywD+Q|#GyOhdGygQ<+?.

RvvvvvhF(OY"9f?GC=+OGJp,<g^GyOhdGygQ<+?.

MvvvvvhF(OGyvJnGrQGyRQGf,p,|gd~GyOhdGygQ<+?

Wvvvvvvq9*?Gyt(iGyg9|z?Gy;R|?p,Gy(_#GygQNyzt+9e6PgGC%}?(53).

(52)Svv(Q*vv9,hRGQIGyvvRQGfvv?hG Yvv;MGyvvRQGfvv,,EIvvZvv9AGJh<vv+9!vv9Jfvv9|vv?fvv#GCwvv9pvvJvv?GCAvvwvv9|vvzvv?pvv,
GytaQGygQNGyT(Qj(O|Wu:|O*Q*?Gy(s9*?,1999).

(53)GC"vdv}v?GyvgvQ<v+?yvzvAv"v}v+v?GyvRQGfv+v?,OQGSv?@v"vTv+vuh@vWvQ*vgv9JGSvAv+vQGOh@vOGhd|v=v+vOGJG6pv9JGyvRQGfv+v?
p,Gy(_#GygQN.
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hfvvv̂GyvvvQivvv~|vvv#G Kvvv9<vvv+9JGyvvvTvvv9<vvvtvvv?yvvvAvvvgvvv9hfGyvvvOhdGyvvvgvvvQ<vvv+?,E:Cf$vvv"vvv9cC
o
vvvj
n
vvvQG

k

|(F(OIp+&@g+u;t+uf}z+?GyAg9hfGCQi(<?@A}D{p,|9*\:

fvOe@v(GpvQGyvOQGSv9JGyvwv9pv+v?fv#GyvwvDv+vQ|v#G6pv9JG}vvDvQ\vQGhIfv̂GCJv9Yv+v{
G:sAZ9O*?.

fvvvOeGyvvvQ<vvvbGyvvvqvvvgvvv\<vvv+#!vvvAvvv9FvvvHGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?hG QVvvv9OGyvvvRQGfvvv,pvvv,Hvvv9d
GCw9pJ?GA+(*?.

fOeGSAMOGeB:JGyQTGCD9y+?p,f}z+9JGCw9pJ?.

fvOehFv(O@vtv+v+v~pv"v,hGsvAvZv9OjOsv+vtv_yv~\vQGQGyvAv,;vOCv%v9GyvwvDv+vQ|v#G6pv9J
GC%}?Gy]9QIyzRQGf9JG:sAZ9O*?p,Gy(_#GygQN.

fvvvOeEFvvvQGAGyvvvOQGSvvv9JGC+vvvOG!vvv+?pvvv,|vvvgvvvdvvv~G}svvvavvv9QGyvvvgvvvQ<vvv+?yvvvzvvvAvvvgvvvQafvvv̂C$vvv~
G}fOGAGA+(*?GCJz+?|#|qAQS9Jh|Aaq;J.

fvvOe@vvzvvvOGyvvwvvDvv+vvQ|vv#GCRGQfvv_pvv,Gyvv(_vv#GyvvgvvQN|vv#!vvGvv9MGSvvAvvMvvOGeGCwvv9pvvJvv?
GCAw9|z?v(89@Aaz>hsA9

k
i+QsZ+Q.

:*vvRGdG!vvAvvWvv9QGyvvAvvtvv"vv+vv9JGAvvO*vvDvv?GyvvAvv,@vvgvvAvv}vvOfvvz+%vv9GSvvAvvQG@vv+Gvv+vv?GCwvv9pvvJvv?GCAvvwvv9|vvzvv?
IvOhOG

k
|vDv{:G@v9P<v9JG@v"vTv+v?,|vTv=v=v9JG}|vQGV,|v9!vgv9JGyvAvjvP*v?,|v"vdv}v9JGyv"v}v(

hi+Q$9(54).

hyvvzvvtvv]vv9Afvv̂Gyvvgvvtvv=vv9JGyvvTvv9<vvtvv?GCPvvv(QI,hyvvzvvAvv(Svvhpvv,@vvavv=vv+vvuGCwvv9pvvJvv?GCAvvwvv9|vvzvv?
pvv,Gyvv(_vv#GyvvgvvQN,:<vvO|vv#R*vv9OIGyvv(fvv,GyvvWvvgvv=vv,yvvOiGCRGQfvv_hPyvvxfvv#_vvQ*vvu
I(Q*#CS9S_:

GCJvvv(QG}hd,Ivvv(QGC"vvvAvvvGvvv_GyvvvRQGfvvv+vvv_,CjGCRGQfvvvvv_,hPyvvvvvxfvvvvv#_vvvvvQ*vvvvvu
@vOQ*v=v%v~hEVvQGvv%v~pv,Gyv=vJv(KGAvtvz+? sv"v9fv%v~<vqv(GFvOGCwv9pvJv?GCAvwv9|vzv?,h<vMv9Yv?
pvv,Lvvqvv̂vvvzvvqvv?G !vvAvv9LhR*vv9OIQ<vvKGyvvv}ovvRGQY,h@vv(\vv+vvKG6Cvv9QGyvvTvvzvv=vv+vv?(G:FvvAvv}vv9fvv+vv?
hGyv=v+v8v+v?)CAv=vtv+v9JGC=v+vOGJGCTvAvMvO|v?h<vMv9Yv?fv̂GyvZvJv?Gyvgv9|v?.pv,$vPGGBvZv(U
GSvvAvvMvvO|vvB|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?,vvv(Svv+vvzvv?EQVvv9O*vv?,|vv9*vvTvv}vv)<vv}vvOGQS
GCRGQfvv_GAvvtvvz+?(Farmers Field Schools (FFS)),yvvAvvavv=vv+vvu<vvQG|vvHGCwvv9pvvJvv?GCAvvwvv9|vvzvv?,
hsvvvO!vvvqvvvP7vvv9pvvv,vvvv{|vvv#Fvvv"vvv(HVvvvQbBSvvv+vvv9fvvv̂IvvvZvvv(dG}QR,hpvvv,GyvvvTvvv(OGffvvv9e

(54)Iv}vOGyvTvgv+vOG@v9QFv,,Gyvgvtv=v9JhGCJvOOGJyv"vWvQhGSvAvMvOGeGCwv9pvJv?GCAvwv9|vzv?hE|vwv9!v+9JGyvAvjvzv>
fz+%9(GBQ_(e:GC"d}?GygQ<+?yzA"}+?GyRQGf+?,1999).
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1993fvv̂|vvRGQfvv,IvvZvv(dGyvvtvvavv#hGBvv]vv9QIvv+vvECsvv9|vvB480|vvOQSvv?@vvAvvwvv(fvvv{
|vv"vv%vv9|vv#25vvvvv40|vvRGQfvv9

k
|vv#svvQ*vv?hGIvvOIKvvAvv}vvgvv(fCSvv=vv(fvv+vv9

k
COICvv;KSvv9fvv9J|vvh

vvvv{|vvv#Gyvvv=vvv9IvvvEhGCQVvvvOGyvvvRQGfvvv,,h*vvvAvvvQCSG:FvvvAvvv}vvv9YGCQVvvvOGyvvvRQGfvvv,h*vvv"vvv9svvvX<vvv&
|vv(\vv(fvv9

k
IvvOOG

k
h@vvTvvAvv}vvQGyvvgvv}vvz+?COISvv"vv?ChSvv"vvAvv_Cvv~@vvTvvAvvOfvv)Hvv}vv(fvv?CLvvQi|vv#

GCRGQf_,h$wPG(55).

GCJv(QGyvDv9P,$v(Iv(QGCTvAv%vzvwv_,Iv+vEKv>Evwv+"%v~|v#GAvtv9FvuGyvwv9|vzv?fv#
GC=vv+vvOGJh|vvAvv=vvtvv+vv97vv9pvv,GC"vvAvvGvv9JGyvvRQGfvv+vv?hBCvv9Q$vv9GyvvZvvJvv+vv?(G!vvdvvQGyvvWvvwvv{Qsvv~(6vvvvv
3)),hPyvvx<vvGvvgvvzvv%vv~svv(I\vvjvvbyvvZvv9yvvKGCwvv9pvvJvv?GCAvvwvv9|vvzvv?fvv#_vvQ*vvuhSvv9Fvv{G fvv;e
GCMAzq?.

hG!vav;sv9
k

|v#G$vAv}v9eGC"vdv}v?GyvgvQ<v+?yvzvAv"v}v+v?GyvRQGfv+v?<v}v(\v(YGCwv9pvJv?GCAvwv9|vzv?,
vvv(8vv9EIvvOiGC}vv9QSvv9JGyvvRQGfvv+vv?GCAvvavv(QIyvvAvvavv=vv+vvuGyvv"vvdvv9eGyvvRQGfvv,Gyvv=vvO*vv{pvv,GyvvOhd
GyvvvgvvvQ<vvv+?,pvvvtvvvOGfvvvAvvv}vvvOJGC"vvvdvvv}vvv?GCPvvvv(QIpvvv,LvvvAvvv9e!vvvOh7vvv9Ivvv(d@vvvWvvvGvvv+vvvhGSvvvAvvvMvvvOGe
GCwv9pvJv?GCAvwv9|vzv?yvzvJvO|v#@vzv(KGyv=v+v8v?GyvAv,Csv9|vAv%v9pv,Ohyv?G |v9QGJGyvgvQ<v+?GCAvJvOI
pv,C*v9Q/|v9*v(1999,SvAv?fvWvQ|vWvQhfv9

k
yvzv}vwv9pvJv?GCAvwv9|vzv?6pv9J:Gyv"vMv+v{,P<v9<v?

Gyv=vJvQG}<v+^GCAv(Svb,Bpv9JGyvRQGfv?GCJv}v+v?pv,Gyv(_v#GyvgvQN,P<v9<v?Cv}v9QGyvR*vAv(f,
IvvWvvQIIvvqvv9QSvv9bGyvvAvvqvv9M,IvvWvvQIGyvvP<vv9<vv?Gyvv=vv+vv]vv9AGyvvZvv(pvv+vv?fvv̂GAvv}vv]vv+vv9J,IvvWvvQI
!vv}vvWvv?Gyvv"vvMvv+vv{Gyvv=vv+vv]vv9A,IvvWvvQIFvv9OhHGyvvZvv"vv(<vvQ,Bpvv9JGyvv"vv+vv}vv9@vv(OGhC|vvQGVGAvv=vv(H
pvvv,Gyvvv(_vvv#GyvvvgvvvQN,!vvv+}vvv9@vvv(OGhC|vvvQGVGAvvv}vvv]vvv+vvv9JhLvvv]vvvQGyvvvtvvvQfvvv+vvv9JhGyvvv=vvv9P!vvvGvvv9f
hGy"=9@9JGyR$Q*?GCAaqz?hGCw9pJ?GCAw9|z?y~fW9H(56).

CLvv+vvQG
k
*vv}vvwvv#Gyvvtvv(dEfOhdGyvv(_vv#GyvvgvvQNh<vvMvv9Yvv?GC"vvAvvGvv?|vv"vv%vv9yvvzvvTvvzvvhGyvvjvvPGFvv+vv?

G}Svv9Svv+vv?(GAvv=vv(HhGyvv=vvtvv(y+9JhGBvv]vvQhGyvvqvv9vvv%vv?);hyvvzvv}vvJvv9Yvv+vv{GyvvZvv"vv9fvv+vv?(Gyvvtvvavv#
hGyvvWvv}vv"vvOQGyvvTvvwvvQjhsvvZvv>GyvvTvvwvvQhGyvvqvv(dGyvvTvv(OGPhGyvvAvv=vvk)h<vvMvv9Yvv?|vvZvvQhSvv(Q*vv9
hGyvvTvv(OGfhGyvvgvvQGbh@vv(!vvUhG@vvRGFvvQhy+=vv+vv9hGyvvTvvgvv(O*vv?,;vv9hdCf;vvPhIvvPhGyvvOhd
GCAvav(QIhGyv"v9|v+v?G}LvQipv,GSvAvMvOGeGyvAvtv"v+v9JGAv+v(*v?hGyv%v"vOSv?Gyv(QGCv+v?,hG sv;d
|vv9C|vvwvv#|vv#G:fvvAvv}vv9Ofvv̂GC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?pvv,!vvWvv9_vv97vv9GyvvRQGfvv+vv?G !vvAvv9Fvv+vv?.h!vvz|vv{
Cf*vvvROGOGyvvvAvvvgvvv9hfGyvvvgvvvQNpvvv,$vvvPGGCGvvv9d,EP@vvvAvvv(GpvvvQ|vvvtvvv(|vvv9JGyvvv"vvvGvvv9M,h<vvvMvvv9Yvvv?
GBvvv=vvvQGJGyvvvgvvvQ<vvv+?hGyvvvQCSvvv}vvv9dGyvvvgvvvQNGyvvvPj|vvv9RGd<vvvgvvv+vvvOG

k
fvvv#G:SvvvAvvvDvvv}vvv9Qpvvv,Gyvvv=vvvJvvv(K

(55)f=OGyQ>#,@t(*~Gy(\hGyQG$#:SAMOGeGCw9pJ?GCAw9|z?p,Gy(_#GygQN.

(56)Gyv"vOhIGyvtv(|v+v?Iv(d@vWvGv+vhGSvAvMvOGeGCwv9pvJv?GCAvwv9|vzv?yvzvJvO|v#@vzv(KGyv=v+v8v?(C<vv(cvv=vv,:GC"vvdvv}vv?
GygQ<+?yzA"}+?GyRQGf+?,1999).
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Gyvvgvvzvv}vv+vv?GyvvRQGfvv+vv?,fvvzvv}vv9
k

C8vv9vvvvvCjGyvv=vvJvv(KGyvvgvvzvv}vv+vv?GyvvRQGfvv+vv?vvvvvGyvv(Svv+vvzvv?Gyvv(Ivv+vvOIfvv}vvz+9
k

Gyvvtvv9OQIfvv̂@vvavv(*vvQG !vvAvv9LGyvvRQGfvv,GyvvgvvQNhSvvOGyvvqvvGvv(IGyvvjvvPGFvv+vv?GyvvgvvQ<vv+?GyvvAvv,hYvvzvvB
fv9e1999E]CvvDvQ|v#32|vz+9QOh:Q,hGyvAv,Sv(a@vAv]v9fvrLv;dGyvgvtv(OGyvDv;Cv?
Gyt9O|?p,I9y?<t9AGy(\hGyRQGf,GygQNf^|9$(fz+&G6f.

h*vvv}vvvwvvv#GLvvvAvvvAvvv9e$vvvPGGyvvvqvvvZvvv{<vvvzf
q

GyvvvOhdGyvvv"vvv9|vvv+vvv?,<vvv}vvv9pvvv+vvv%vvv9GyvvvOhdGyvvvgvvvQ<vvv+?,svvvO
GSvAvqv9svBCLv+vQG

k
|v#ivqv(7v9Gyvgvzv}v+v?pv,Hv9dGSvAvMvOGeGC=v+vOGJGyvwv+v}v+v9Fv+v?,h<vOCJGAvO

|vv#GSvvAvvgvv}vv9:7vv9hGyvvOLvv(dpvv,GSvvAvvgvv}vv9d<vvOGFvvzvv%vv9,hpvv,|vvtvvO|vvAvv%vv9GyvvRQGfvv9JGyvvgvv]vv(*vv?,
hGSvvAvvgvv}vv9dGCwvv9pvvJvv?GAvv+vv(*vv?hivv+vvQ$vv9|vv#Gyvv=vvOGFvv{,|vvAvvMvvPI<vvPyvvxLvvavv(I<vvTvv+vvavv?hyvvwvv"vv%vv9
\vvQhQ*vv?yvvAvvJvvtvv+vvu|vvqvv9$vv+vv~GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv+vv%vv9.pvv,GyvvqvvZvv{GyvvAvv9[!vvTvvAvvgvvQV
h\vhG}Sv}vOIGyvwv+v}v+v9Fv+v?,h!v=v_pv+v&|vOiCGv+vAv%v9yvAvJvtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,
h|vvOiLvvavv(Q7vv9pvv,Gyvv(svvB!vvqvvTvv&fvv̂Gyvv=vv+vv8vv?<vv}vvwvv(!vv97vv9G}Svv9Svv+vv?:G !vvTvv9fhGyvv"vv=vv9J
hGA+(Gf.
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OhQGD0QvvbIh(bGFPSvvvX

6vw)CNTvvoG9@RQTvvZG9eQG4TvvZG9QE@bG:vvZ
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|OL{

pvv,|vv"vvAvvZvvrSvvAvv+"+vv9JGyvvtvvQfGC9\vv,hfvv"vvO|vv9<vvQRJGCGvv9fvv?Gyvvgvv9C+vv?D*vvTvvzdCIvvO
fvv#OhQG}Svv}vvOI(1)pvv,@vvgvvR*vvRE!vvAvv9LGyvvjvvPGAh\vv}vv9fGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,
G}svvavv9QPGJGyvvgvvGvvRGyvvjvvPGFvv,,<vv{fvv̂GyvvgvvwvvU,GfvvAvv=vvQGyvvTvv}vv9OG@vvRAGCAvv}vv~yvvzvvDvv9yvv(K
GyvAvwv"v(yv(Fv,(Gyv=vPGQhGC9AhGyvTv}v9O)GCTv|hdfv#GyvDv(QIGBv]vQGAGyvAv,Sv9fvOJSvwv9f
GyvvgvvO*vvO|vv#G}svvavv9QGCwvvAvvdvv?<vv9yvvTvvwvv9f|vvDvv{Gyvv%vv"vvOhGyvvZvv_fvv̂;vvtvv+vvuG:vvvAvvqvv9AGyvvPGO
GyvvvjvvvPGFvvv,pvvv,pvvvAvvvQIsvvvZvvv+vvvQI:@vvvR*vvvOfvvv#20vvvvv25Svvv"vvv?.hpvvv,<vvvOG*vvv?GyvvvAvvvTvvvgvvv+"+vvv9JCYvvv=vvvK
GyvTv}v9O$vOpv9

k
:!vAvtv9OGJQFv+vTv?!vdvQG

k
:SvAvMvOG|v&GCwvDvrpv,GyvOhdGCAvav(QIGyvAv,GQ@v9<vB

|v#!vAv9FvHGSvAvMvOG|v&C9LvOCv&|v#@vzCv+vQGJSvzv=v+v?fv̂Gyv=v+v8v?,|v#Lv;dGQ@vWv9MGyv"vAvQGJ
hG!vvavv;bGyvvjvv9RGJ|vv#Gyvv=vv+vv(JGyvv=vv;SvvAvv+vvwvv+vv?hG|vvAvvZvv9UGyvv"vv=vv9JhGyvvAvvQ<vv?GCgvv9OfGyvvDvvtvv+vvzvv?,
h<Ww{JAZQGfA=QGyT}9OGCwDrLazv=+QG

k
hfOhG

k
yz=+8?.

h@vTv9$v~G}Sv}vOI|vDvzv%v9|vDv{Cj|vZvOQyvAvjvP*v?Gyv"v=v9@v9J,<vzLvav9QfvO*vOIyvzv=v+v8v?|v9
D@ovvOnQfvv}vvz+?GSvvAvvMvvOG|vv%vv9<vvgvv"vv9*vv?.h:*vv"vvwvvQCIvvOCGvv+vv?G}Svv}vvOIvvv}vvZvvOQCSvv9Svv,h:Re
yvvv"vvv}vvv(Gyvvv"vvv=vvv9JhG !vvvAvvv9LGyvvvjvvvPGFvvv,.EP|vvv#GCgvvvQha,hpvvv,vvvv{

q
|vvv#G}!vvvdvvv}vvv?GyvvvAvvvtvvvz+O*vvv?

hGAvO*vDv?,Cf@vR*v{fv}vz+?IvZv9OGCJv9Yv+v{,Gyvgv"v9YvQGyvjvPGFv+v?|v#GyvAvQ<v?.h|v9D@ov]nvr
$vvvPgGyvvvgvvv"vvv9YvvvQGyvvvjvvvPGFvvv+vvv?Cvvv9!vvv+?E]GyvvvAvvvQ<vvv?<vvvwvvv}vvv+vvv9J|vvv;Fvvv}vvv?pvvv;<ovvvO

v
yvvv%vvvPGGC(QOGyvvvavvv=vvv+vvvgvvv,

(G}QV)|vvv#GyvvvAvvvO$vvv(Qfvvv=vvvQ!vvvtvvv[GyvvvAvvvjvvvP*vvv?hG!vvvGvvvQGaGyvvvAvvvQ<vvv?,h<vvv9yvvvAvvv9[*vvvROGOGyvvvqvvvtvvvO
Gyvjv9<v(j!vdvQG

k
E]\v5yv?GyvAvgv(*v̂GyvjvPGFv,yvzvAvQ<v?GyvPj;vOCv&Gyvgv}vz+9JGyvav=v+vgv+v?Cv9!v+?,

yPyx:<

o
O

v
|#GSAw}9dGy"t[GyjPGF,|#GCZ9OQGB9QF+?.

<v9 \v9pv?E]G}QVhGC9AhCVvgv?GyvWv}vUhCv9PChvvTv+vOGyvwvQ<v(f,LvAv9LGyv"v=v9J
E]vvvvvv}vvvvv+vvvvv9J|vvvvv"vvvvv9Svvvvv=vvvvv?|vvvvv#Gyvvvvvgvvvvv"vvvvv9YvvvvvQGyvvvvvjvvvvvPGFvvvvv+vvvvv? Evvvvv9efvvvvv}vvvvvz+?GyvvvvvAvvvvv}vvvvvDvvvvv+vvvvv{Gyvvvvv]vvvvv(Fvvvvv,

(1)*vvvtvvvZvvvO<vvv9}Svvv}vvvOIpvvv,$vvvPgGyvvvOQGSvvv?vvvv{|vvv#GSvvvAvvvgvvv}vvv9dG6RhJ(N)hGyvvvqvvv(Svvvqvvv9J(P2O5)hGyvvv=vvv(@vvv9S
(K2O)h|vv"vvAvvGvv97vv9|vv#GC(GOGCgvvO!vv+?Svv(GAFvv9AJ|vv#GyvvZvvMvv(QGyvvqvv(Svvqvv9@vv+?Ch|vv#Gyvvgvv}vvz+9JGyvvZvv"vv9fvv+vv?Gyvvwvv+vv}vv+vv9Fvv+vv?

v9y+(Q*9hC;C,S(<Qp(Sq9Jhi+Q$9.
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(Photosynthesis).h<vvv+"vvv}vvv9*vvvwvvv(ffvvvQVCVvvvgvvv?GyvvvWvvv}vvvUhCvvv9PChvvvvTvvv+vvvOGyvvvwvvvQ<vvv(fivvv+vvvQ
IvvvOhO*vvv#,Cj|vvvAvvv(GpvvvQ*vvv#OGFvvv}vvv9

k
,pvvv,Gyvvvavvv=vvv+vvvgvvv?,pvvv{ffvvvQVGyvvvgvvv"vvv9YvvvQGyvvvjvvvPGFvvv+vvv?Gyvvv;R|vvv?

yvvgvv}vvz+?GyvvAvv}vvDvv+vv{Gyvv]vv(Fvv,hyvv"vv}vv(Gyvv"vv=vv9J,h<vvMvv9Yvv?yvvzvv}vvJvv9Yvv+vv{ivv+vvQGyvv=vvtvv(y+?(2),ivv+vvQ
|A(GpQI.hyA(p+QfQVGyg"9YQGyjPGF+?K>@(p+QG}|(!+9hGyq(Sq9JhGy=(@9S(3).

pvv,$vvPGGyvvqvvZvv{!vvJvv9hd;vvz+{|vvOiGAvv9Fvv?E]G}Svv}vvOIyvvAvvJvvtvv+vvufvv}vvz+?GyvvAvv"vv}vv+vv?
GyvvRQGfvv+vv?GCTvvAvvOG|vv?h|vvOiE|vvwvv9!vv+?G:SvvAvvjvv"vv9Afvv"vv%vv9hGSvvAvvMvvOGe<vvOGFvvzvv%vv9,Ivv+vvEo!vv"vv9svvX
G:vv9$vv9JGSvvAvvMvvOGeG}Svv}vvOIGC9\vv+vv?hGCTvvAvvtvv=vvz+?,h|vvOiGAvv9Fvv?E]@vvavv=vv+vvuSvv+vv9Svv9J
Svv}vv9O*vv?fvv̂GCTvvAvv(*vv9JGCMvvAvvzvvqvv?,!vvJvv}vv,Gyvv=vv+vv8vv?|vv#Lvv;yvv%vv9h!vv(pvvQyvvzvv"vv=vv9JIvv9FvvAvv&,
E\vv9pvv?E]@vv(\vvKGyvvtvvzvvuGyvv=vv+vv8vv,hGSvvAvvMvvOGeGyvvavv9svv?GCQ@vv=vvb<vv9SvvAvvMvvOG|vv9JG}Svv}vvOI.vvv}vv9
E!vv"vv9!vvJvv9hdGsvvAvvQGMGCtvv9*vv+vvUGyvvqvv"vv+vv?hG FvvQGAGJGyvvAvv,@vvAvv]vv}vv#|vvgvv9@vv?G}Lvvavv9QGyvvAvv,
SAZ+>Gy=+8?,hCL+QG

k
!gQqLf^G:SAg}9dG}|D{yza9s?.

Ch:
k

:GA9F?E]G}S}OI
yvtvOGROGOSvwv9fGyvgv9D|v#3<v;*v_pvQOfv9e1960E]7<v;*v_pvQOfv9e2004,

h|vvvv#GCAvvvv(svvvvhCf*vvvvZvvvv{GyvvvvgvvvvOOGCPvvvvv(QE]8,5<vvvvz+(fpvvvvQOfvvvv9e2025(4).$vvvvPGGyvvvv"vvvv}vvvv(
GyvTvwv9PDLvOKyv&|vDv+v{:pv,GyvtvQfGyvAv9SvhfvWvQh:pv,GyvTvAv_GyvTv"v?G}h]|v#GyvtvQf
GyvvgvvWvvQ*vv#.yvvtvvOC\vv9aGyvvgvv9DLvv;dGyvvgvvtvv(OGyvvDvv;Cvv?G}Lvv+vvQI|vv"vv&CvvvDvvQFvv9C\vv9pvvAvv&Gyvvvv160
fvvv9|vvv9

k
GyvvvAvvv,Svvv=vvvtvvvAvvv%vvv9(1800-1960),h|vvv#GCAvvv(svvvhCf*vvvTvvvAvvv}vvvQq$vvvPGG::vvv9gpvvv,GyvvvAvvvRG*vvvO

GyvTvwv9P|vh|vavzvhGyvtvQfGyv(GIvOhGyvgvWvQ*v#vv}v9|vQq|vgv"v9pv,GyvqvZv{GBv9|vU.yvtvO\vjvb
$vvPGGyvv"vv}vv(GyvvTvvwvv9PGCAvvRG*vvOfvv̂GC(GQOGyvvavv=vv+vvgvv+vv?|vv#CQVh|vv+vv9gh$vv(GA,6vvOaE!vvAvv9L
GyjPGAGC"9S>hGC(GOGB9eGy;R|?yzZ"9f?hi+Q$96Oa\}9fGyaz>GCARG*O.

hpvv,Svv=vv+vv{@vvz|vv__vvzvv>GyvvjvvPGAGCAvvRG*vvOfvv9e2020Kvv>R*vv9OIE!vvAvv9LGAvv=vv(Hpvv,
GyvvOhdGCAvvavv(QIE]1260|vvz+(f_vv#,hpvv,GyvvOhdGyvv"vv9|vv+vv?E]1806|vvz+(f_vv#(5),

(2)<v9yvQiv~|v#CfGyv=vtv(y+9J*v}vwv"v%v9Cf@vDv=vBG6RhJGBv9U6v9|v=v9VvQI|v#G@v(E:C8v9;vAv9LE]<vgv̂
Gyw}+9JGC"9S=?|#Gyq(Sq(QhGy=(@9S+(eyA]}#sOQ79f^@D=+BG6RhJ<+(y(F+9

k
.

(3)Vaclav Smil, «How Many People Can the Earth Feed?,» Population and Development Review,

vol. 20, no. 2 (June 1994).

(4)United Nations (UN), Long-range World Population Projections: Two Centuries of Population

Growth 1950-2150 (New York: UN, 1992).

(5)M. W. Rosegrant, M. Agcaoili-Sombilla and N. D. Perez, Global Food Projections to 2020:

Implications for Investment, Discussion Paper; no. 5 (Washington, DC: International Food Policy

Research Institute (IFPRI), 1995).
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h!vvdvvQG
k

E]IvvOhO*vv?E|vvwvv9!vv+?GyvvAvv(Svvhpvv,G}QG\vv,GCRQhfvv?pvv,GyvvOhdGyvv"vv9|vv+vv?h<vvMvv9Yvv?
pv,BSv+v9hC|vQ*vwv9Gyv(Svav)hVv}v9dCpvQ*vtv+v9,pv{fGyvR*v9OIGCTvAvtv=vz+? !vAv9LGAv=v(HSv(a
@vvvAvvv(svvvr<vvvWvvvwvvv{CSvvv9Svvv,fvvv̂GyvvvR*vvv9OGJpvvv,Gyvvvjvvvzvvv?Chfvvv̂|vvv9*vvvgvvvQaIvvv9y+9

k
<vvv9yvvvAvvvwvvvDvvv+vvvr

GyvvvRQGfvvv,(Agricultural Intensification)GyvvvPj*vvv|OjGyvvvTvvv}vvv9Opvvv+vvv&OhQG
k

QFvvv+vvvTvvv9
k
.h$vvvwvvvPG

CYvvv=vvvKGSvvvAvvvMvvvOGeGyvvvTvvv}vvv9OhE!vvvAvvv9LGAvvv=vvv(H|vvvAvvv;R|vvv_pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?.h!vvvdvvvQG
k

E]Cf
|vvvgvvvdvvv~GyvvvR*vvv9OIGCTvvvAvvvtvvv=vvvz+?GCAvvv(svvvgvvv?pvvv,E!vvvAvvv9LGAvvv=vvv(HSvvvAvvvzO|vvv#GyvvvR*vvv9OGJpvvv,Gyvvvjvvvzvvv?,
pvTv(a@v=vtv)G}Sv}vOI@v|OjGyvOhQGyvQFv+vUvv}vTvAvzvReyv5!vAv9Lpv,;vtv+vu|vAvavzv=v9JE!vAv9L
GyjPGAGCTAt=z+?.

|v#Fv%v?CLvQi*vWvwv{@vO$v(QGC(GQOGyvav=v+vgv+v?GBvavQGyv=v+v8v,G}Sv9Sv,pv,GyvgvO*vO
|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?,h<vvvMvvv9Yvvv?G}pvvvQ*vvvtvvv+vvv?|vvv"vvv%vvv9,pvvv9!vvvGvvvQGaGyvvvAvvvQHhGyvvvAvvvO$vvv(QGyvvvjvvv9<vvv(j
hGyvvvAvvvZvvvJvvvQ$vvv,Gyvvvgvvv(G|vvv{GC%vvv}vvv?GyvvvAvvv,;vvvavvv~G}QG\vvv,GC"vvv9Svvv=vvv? !vvvAvvv9LGyvvvjvvvPGA.EP@vvvWvvv+vvvQ
GyvvOQGSvv9JGyvvtvvavvQ*vv?GCAvvMvvZvvZvv?E]CfGyvvAvvO$vv(QGyvv=vv+vv8vv,*vvtvvzvv[Gyvv"vv9@vvHG =vv9[GCJvv\|vv9
<+#4vvvvv13p,GC8?p,GyOhdGy"9|+?v}9$(|(\Kp,G@OhdQs~(7vvvvv1)(6).

G@OhdQs~(7vvvvv1)
GyAw9y+rGCtOQIyzAO$(QGy=+8,p,Ohd!9|+?JA9QI

GyAw9y+rGyT"(*?|#Gy"9@H
G =9[GCJ\(p,GC8?)

_=+g?GyAO$(QGy=+8, GyT"? GytaQ

8,8 pvvtvvOGfGCJvv9Yvv+vv{hGAvv+vv(G!vv9JhG}LvvWvv9H

!A+G?@O$(QGyAQH

1988 <(Qv+"9p9S(

7,7 GyAO$(QGyj9<(j 1989 v(SA9Q*w9

5,0-9,0 GyAO$(QGyj9<(j 1983 EC+(<+9

4,0 G!GQGaGyAQ<?hGyAO$(QGyj9<(j 1984 E!Oh!+T+9

05,0-15,0 G!GQGahIQbGyAQH 1988 |OiWtQ

2,8-15,3 G!GQGaGyAQHhGyAO$(QGyj9<(j 1988 |;hj

17,4 G!GQGaGyAQHhGyAO$(QGyj9<(jhi+QG9 1989 !+G+Q*9

GCZvvvvvvvvvvvvvvvOQ:David Pearce and Jeremy J. Warford, World Without End: Economics, Environment and

Sustainable Development (New York: Oxford University Press, 1993).

(6)L. R. Oldeman, R. T. A. Hakkeling and W. G. Sombroek. World Map of the Status of Human-

induced Soil Degradation: An Explanatory Note (Wageningen: International Soil Reference and

Information Centre, 1991).
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$vPGh*v}vwv#Cf*vTv9fvOGSvAvMvOGeG}Sv}vOI,yv(IvO$v9Ch|vhG FvQGAGJGCAv}v}v?yv%v9,
f^Lq^v

o
{

q
|#Gy]jbGyTw9PhGyAO$(QGy=+8,f^GyAQH<aQbfO*OI|"%9:

!*vTvAvav+vhGyvTv}v9O@vRh*vOG}QG\v,<v}vgvdv~Iv9Fv97v9|v#Gyvgv"v9YvQGyvjvPGFv+v?h<v9yvAv9[
*t(OE]R*9OIG !A9LGyjPGF,.

!@vvvgvvv"vvv,R*vvv9OIGSvvvAvvvMvvvOGeGyvvvTvvv}vvv9OR*vvv9OIGCJvvv9Yvvv+vvv{GCRQhfvvv?pvvv,hIvvvOIGCTvvv9Ivvv?,
h$vvPG*vvtvv(OE]pvv;Ivv?G}QVfvvOI|vvQGJ,|vv9*vv|OjE]R*vv9OIGC9OIGyvvgvv]vv(*vv?hGyvvjvvavv9A
Gyv"v=v9O,h*vtv(O<v9yvAv9[E]IvqveGyvAvQ<v?yvQ_v(<vAv%v9<vJv+vE@vTvAvav+vhG:SvAvqv9OI|v#Gyvgv"v9YvQ
GyvvjvvPGFvv+vv?h@vvR*vvOE!vvAvv9Fvv+vvAvv%vv9.vvv}vv9Ef

v
Jvvzvvqvv9JGCJvv9Yvv+vv{GCRQhfvv?@vvtvv(OE]Lvvqvv̂@vvgvvQ*vv?

hG!vvvGvvvQGaGyvvvAvvvQH,h<vvv9yvvvAvvv9[pvvv{fG OGQIG@vvv+vvvOIyvvv~Svvv}vvvOIEvvvw
q
vvv#|vvv#EKvvv9Oh\vvvh|vvvqvvv+vvvO

yR*9OIE!A9LGyjPGAh@tz+[@O$(QGyAQHp,G}QG\,Gyqt+QI<9yg"9YQ.

!@vvvtvvv(Ofvvv}vvvz+?GSvvvAvvvMvvvOGeGyvvvZvvvMvvv(QGyvvvqvvv(Svvvqvvv9@vvv+?hGyvvvwvvvzvvvTvvv+vvv?hCQIhGIvvvOI|vvvAvvv=vvv(fvvv?
<vvAvvtvvO*vv~G}Svv}vvOIGC"vv9Svv=vv?E]GSvvAvv}vvQGQE!vvAvv9Fvv+vv?G}QG\vv,Gyvvtvvzvv(*vv?h@vvR*vvOsvvOQ7vv9G !vvAvv9Fvv+vv?
yzjPGAp,GygO*O|#GyOhdGy"9|+?(7).

!*vvtvv(OGSvvAvvgvv}vv9dG}Svv}vvOIpvv,GC"vv9_vvuPGJGyvvtvvOQIG !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?Gyvvgvv9C+vv?E]
E!vvvAvvv9LivvvPGFvvv,hpvvv+vvvQ,h<vvv9yvvvAvvv9[*vvv|OjPyvvvxE]Lvvvqvvv̂GCTvvv9Ivvv9JGyvvvjvvv9<vvv(*vvv?GCJvvv(qyvvv?E]
CQGV

m
RQGf+?.

!*vv}vvwvv#G}Svv}vvOIGCTvv9Gvv?Gyvvqvvgqvv9yvv?<vv}vv9!vvgvv=vvQfvv"vv&<vv9yvvAvvwvv9|vv{Gyvvgvv9Od:SvvAvv}vvQGQ*vv?
hIqeGyQCS}9dGCA}D{<9C(GQOGya=+g+?G}Q\+?.

E\vvvv9pvvvv?E]Pyvvvvx@vvvv|OjG}Svvvv}vvvvOIOhQG
k

|vvvv%vvvv}vvvv9
k
pvvvv,Ofvvvv~fvvvv}vvvvz+?@vvvvDvvvv=vvvv+vvvvBG}RhJ

<vv+(yvv(Fvv+vv9
k

,EP@vvtvv(eGCJvv9Yvv+vv{Gyvv=vvtvv(y+?<vvAvvDvv=vv+vvBG}RhJfvv=vvQGyvvgvvtvvOGyvv=vvwvvAvv+vvQ*vv?|vv#G@vv(
|vv=vv9VvvQI.hfvv̂v

o
vv{
q

@vvAvvzCvvQsvvOQIG}RhJGyvvAvvDvv=vv+vvAvv+vv?(yvvzvvgvvtvvOGyvv=vvwvvAvv+vvQ*vv?)<vv}vvJvvAvv(iGyvvAvvQ<vv?|vv#
Gyq(Sq(QhGy=(@9S+(eh<OQF?>(\A%9(8).

vvv}vv9<vv+"qvv9Svv9<vvtvv9
k
@vvgvvAvv=vvQG}Svv}vvOI\vvQhQ*vv?yvvw

o
vv{
q

|vv#G}|vv#GyvvjvvPGFvv,hIvvqvveGC(GQO
G}Q\vv+vv?.hyvvwvv#GAvv9Fvv?E]G}Svv}vvOI<vvAvvzvvrvvvDvv+vvQG

k
|vv#Esvvz+~E]BLvvQ,h\vv}vv#G svvz+~

Gyvvv(GIvvvO|vvv#svvvavvvQE]BLvvvQ,<vvvTvvv=vvv>GyvvvAvvv"vvv(YGyvvv(G\vvvKpvvv,C!vvv}vvv9WGSvvvAvvvMvvvOGeG}Svvv}vvvOIpvvv,

(7)International Board for Soil Research and Management (IBSRAM), «Management of Acid

Tropical Soils for Sustainable Agriculture,» (Proceedings no. 2, IBSRAM, Bangkok, Thailand).

(8)W. G. Sombroek, Aspects of Soil Organic Matter and Nutrient Cycling in Relation to Climate

Change and Agricultural Sustainability (Vienna, Austria: [n. pb.], 1995).
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Gyvgv9D.pvgv9OI@vAv=v9*v#GSvAvMvOG|v9JG}Sv}vOIyv(IvOIGCTv9Iv?(Gyv%vwvAv9Q)|v#10vvk/$vvvpv,
GyvvZvvJvvQGAG pvvQ*vvtvv+vv?E]216vvvk/$vvvvpvv,OhdVvvQbBSvv+vv9,vvv}vv9$vv(|vv(\vvKpvv,GyvvWvvwvv{
Qs~(7vvvvv1).

GyWw{Qs~(7vvvvv1)
G:SAMOG|9JG sz+}+?yzT}9Oy(IOIG}QV($vv)

p,89*?GytQfGygWQ*#p,G}s9y+~Gyg9C+?

GCZOQ:Food and Agriculture Organization (FAO), Production Yearbook (Rome: FAO, [n. d.]).

hCtvv9<vvzvv?$vvPGGyvvAvv"vv(Ypvv,GSvvAvvMvvOG|vv9JGyvvTvv}vv9O:<

ovvO
v

|vv#@vvZvv}vv+vv~GyvvTvv+vv9Svv9J
hG:SvvAvvQG@vv+Gvv+vv9JyvvAvvgvvR*vvRGSvvAvvMvvOGeG}Svv}vvOI<vvJvvTvv>GAvv9Fvv9JhGCAvvavvzvv=vv9JGyvv"vv(fvv+vv?
yvvvvw
o
vvvv{
q

Esvvvvz+~hyvvvvwvvvv{svvvvavvvvQh<vvvvWvvvvwvvvv{|vvvv(\vvvv(fvvvv,.E\vvvv9pvvvv?E]PyvvvvxKvvvv>Cf*vvvvWvvvvwvvvv{
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GSvvAvvMvvOGeG}Svv}vvOIFvvRAG
k

|vvAvv}vv}vv9
k

yvv5OGQIG:SvvAvvQG@vv+Gvv+vv?GCAvvwvv9|vvzvv?yvvzvvgvv"vv9YvvQGyvvjvvPGFvv+vv?,
<vvJvv+vvE*vvgvvd

q
vv~fvvQVGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?|vv#=vv+vvhGCZvv9OQGyvvgvv]vv(*vv?hivv+vvQGyvvgvv]vv(*vv?

hGy=+(y(F+?(9).

CLvv+vvQG
k
*vv}vvwvv#Gyvvtvv(dE!qvv&:@vv(FvvOSvv+vv9Svv?Vvv9|vvzvv?yvv~Svv}vvOI,hE!vvv}vv9Kvv>Cf!vvQGfvv,

fvv"vvO;vvO*vvO!vv9GAvv9Fvv?E]G}Svv}vvOIGyvvR|vv9fhGCwvv9fhhGsvvgvv+vv?GC"vvavvtvv?ChGyvvtvvavvQGCTvvAvvMvvOe
yzT}9O.

C9!+9
k

:G:9$9JGSAMOGeG}S}OI
yvvvtvvvORGOG:SvvvAvvvgvvv}vvv9dGyvvvgvvv9C,yvvv~Svvv}vvvOI|vvv#27|vvvz+(f_vvv#pvvv,GC(Svvv~GyvvvRQGfvvv,
1959vvvv1960,E]146|vz+(f_v#pv,GC(Sv~GyvRQGfv,1988vvvv1989,h|v9yv=vE

CfG!vMvqv̂$vPGG:SvAvgv}v9dE]121|vz+(f_v#pv,GC(Sv~GyvRQGfv,1993vvvvv1994.

h*vvvgvvv(OSvvv=vvv>G:!vvvMvvvqvvv9V$vvvPGE]@vvv"vvv9svvv[GSvvvAvvv%vvv;cOhdChQh<vvv9GyvvvWvvvQsvvv+vvv?hG:;vvv9O
GyT(p+9OGyT9<u(Eurasia)y~S}OI.

|v#Fv%v?CLvQiGSvAvMvO|vBGyvOhdGyv"v9|v+v?pv,GC(Sv~GyvRQGfv,1959vvvv1960Csv{
|vv#3|vv;*vv__vv#|vv#Gyvvgvv"vv9YvvQGyvvTvv}vv9O*vv?@vvQvvvR|vvgvvdvv}vv%vv9fvv̂Ivv9Yvv+vv{GyvvAvvZvvO*vvQ,E:Cf
GSvvvAvvvMvvvOGeG}Svvv}vvvOIpvvv,$vvvPgGyvvvOhd@vvvTvvv9QY|vvvh@vvvavvv=vvv+vvvu|vvvqvvv9$vvv+vvv~GyvvvDvvv(QIGBvvv]vvvQGApvvv,
|vvv"vvvAvvvZvvvrGyvvvTvvvAvvv+"+vvv9Jh<vvvMvvv9Yvvv?pvvv,Gyvvv%vvv"vvvOhGyvvvOhdG6Svvv+vvv(*vvv?G}LvvvQi,h<vvvPyvvvxGQ@vvvqvvvh
GSvvvvvAvvvvv%vvvvv;cGyvvvvvTvvvvv}vvvvv9Opvvvvv,GyvvvvvOhdGyvvvvv"vvvvv9|vvvvv+vvvvv?E]71,2|vvvvvz+(f_vvvvv#pvvvvv,GC(Svvvvv~GyvvvvvRQGfvvvvv,

1994vvvv1995|vWvw
q
vzv?!vTv=v?!v}v(Sv"v(j|vQvv=v?svOQ$v94,8pv,GC8v?.*v;Ive|v#GyvgvQV

GyvvTvv9<vvu!vv}vv(G:SvvAvvMvvOGeGyvvgvv9C,yvv~Svv}vvOI<vvTvvQfvv?pvv,fvvtvvOGyvvTvvAvv+"+vv9J(8,9pvv,GC8vv?
Svvvv"vvvv(*vvvv9

k
),hGyvvvvTvvvv=vvvvgvvvv+"+vvvv9J(5,6pvvvv,GC8vvvv?Svvvv"vvvv(*vvvv9

k
)h<vvvv=vvvvbApvvvv,fvvvvtvvvvOjGyvvvvDvvvv}vvvv9!vvvv+"vvvv+vvvv9J

hGyATg+"+9J(2,8p,GC8?S"(*9
k
)(10).

fvv̂GCTvvAvv(iG svvz+}vv,RGOGSvvAvvMvvOGeGyvvTvv}vv9Opvv,fvvtvvOjGyvvTvvAvv+"+vv9JhGyvvTvv=vvgvv+"+vv9J
|vv#GyvvtvvQfGyvvgvvWvvQ*vv#pvv,=vv+vvhG}svv9y+~Gyvvgvv9C+vv?,E:C!qvv&pvv,GyvvDvv}vv9!vv+"vv+vv9JhGyvvAvvTvvgvv+"+vv9J
|vv"vv&,@vv=vv9*vv"vvBFvvOG

k
|vvgvvO:J!vv}vv(GSvvAvvMvvOGeG}Svv}vvOIpvv,$vvPgG}svv9y+~.pvv=vv+"}vv9@vv"vv9svvZvvB

|vvgvvO:JG:SvvAvvMvvOGepvv,C|vvQ*vvwvv9GyvvWvv}vv9y+?hQvvvOJpvv,OhdChQh<vv9GyvvjvvQ<vv+?hGyvvWvvQsvv+vv?

(9)H. L. S. Tandom, «Soil Fertility and Fertilizer Use,» paper presented at: Workshop on the

Integration of Natural and Manmade Chemicals in Sustainable Agriculture in Asia (New Delhi:

International Council of Scientific Union, 1993).

(10)Balu L. Bumb, Global Fertilizer Perspective, 1980-2000: The Challenges in Structural

Transformation, Technical Bulletin; T-42 (Muscle Shoals, Alabama: IFDC, 1995).
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hChsvv+vv9!vv(Svv+vv9,pvvtvvOGQ@vvqvvgvvB<vv9fvvAvvOGd(2vvvvv3)pvv,GC8vv?)pvv,v
o
vv{
q

|vv#C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?
hCpvvvQ*vvvtvvv+vvv9h<vvvWvvvwvvv{vvvv=vvv+vvvQpvvv,BSvvv+vvv9hOhdG:;vvv9OGyvvvQhSvvv,(5vvvv6)pvvv,GC8vvv?)pvvv,fvvvtvvvO
GyvvvDvvv}vvv9!vvv+"vvv+vvv9J,EP<vvvPyvvvBFvvv%vvv(Ovvvv=vvv+vvvQIpvvv,$vvvP*vvv#G svvvz+}vvv_yvvvAvvvJvvvtvvv+vvvuG:vvvvAvvvqvvv9AGyvvvPGO
GyvvvjvvvPGFvvv,fvvv=vvvQR*vvv9OGJGSvvvAvvvMvvvOGeG}Svvv}vvvOI.C|vvv9Lvvv;dGyvvvqvvvAvvvQI1988vvvvv1995,pvvvtvvvO
IvvvtvvvtvvvBBSvvv+vvv9hIvvvO$vvv9R*vvv9OGJ|vvvgvvv"vvv(*vvv?pvvv,GSvvvAvvvMvvvOG|vvv9JG}Svvv}vvvOIpvvv,Ivvv_G!vvvgvvvO|vvvB
GyvR*v9OGJChhYvzvBIvO$v9G}O!v)pv,G}sv9y+~Gyvgv9C+v?G}LvQi,EPG!vMvqv̂GSvAvMvOGe
G}Sv}vOI|vDv;

k
pv,G:;v9OGyvQhSv,87pv,GC8v?,hpv,OhdChQh<v9GyvWvQsv+v?69pv,GC8v?

@tQ*=9
k
.

yvvtvvOCh\vvJvvBGyvv=vv+vv9!vv9JGyvvTvv9<vvtvv?<vvzfG svvz+~G6Svv+vv(j$vv(GyvvTvv9FvvOpvv,GSvvAvvMvvOGe
G}Sv}vOILv;dGyvqvAvQI1979vvvvv1995|v#GyvtvQfGC9\v,,Iv+vEoGQ@vqvhGSvAv%v;vv&|v"v%v9
|vv#28,3E]61,1|vvz+(f_vv#|vv#<vvOG*vv?GyvvqvvAvvQIIvvAvv)8vv9*vvAvv%vv9,Ivv9Yvv;

k
<vvPyvvxfvv̂OhQ

Gyvvvtvvv+vvv9OIGyvvvgvvv9C+vvv?:SvvvAvvvMvvvOG|vvv9JG}Svvv}vvvOI.pvvvqvvv,Gyvvvgvvv9eG}Lvvv+vvvQyvvvzvvvqvvvAvvvQIGCPvvvv(QIVvvvw
q
vvv{

GSvvAvvMvvOGeBSvv+vv9yvv~Svv}vvOIsvvQG<vv?50pvv,GC8vv?|vv#Hvv}vv{G:SvvAvvMvvOGeGyvvgvv9C,h86pvv,GC8vv?
|vv#Hvv}vv{GSvvAvvMvvOGeGyvvOhdGyvv"vv9|vv+vv?,|vv9Svv9fvvOfvv̂PyvvxGyvvTvv+vv9Svv?Gyvv=vv+vv8vv+vv?GAvvwvv+vv}vv?Cgvvdvv~
GyvvOhdG6Svv+vv(*vv?=(h<vvMvv9Yvv?Gyvv%vv"vvOhGyvvZvv_hE!vvOh!vv+Tvv+vv9),GyvvAvv,IvvtvvtvvBE!vvGvv9RGJFvv+vvOI
<9Ct9Q!?|h<t+?G}s9y+~Gy"9|+?.

h<v+"v}v9GfvAv}vOJGyvOhdG6Sv+v(*v?fv̂!vqvTv%v9pv,E!vAv9LhGSvAv+vQGOG}Sv}vOIh<v9yvAv9[
GSvvAvvMvvOG|vv%vv9,pvvtvvOGfvvAvv}vvOJ|vvgvvdvv~GyvvOhdG}pvvQ*vvtvv+vv?fvv̂GCTvv9fvvOGJGyvvTvv}vv9O*vv?Ctvv9<vvzvv?
|vvAvvavvzvv=vv9JCQG\vv+vv%vv9GyvvRQGfvv+vv?|vv#G}Svv}vvOI.hsvv9O$vvPGG:fvvAvv}vv9Ofvv̂Gyvvjvv+vvQpvv,@vvz|vv_
GyvvvvTvvvv}vvvv9OE]fvvvvOeGy+tvvvv_pvvvv,GSvvvvAvvvvMvvvvOG|vvvv9JG}Svvvv}vvvvOI!vvvvdvvvvQG

k
E]vvvvv(f$vvvvPgGCTvvvv9fvvvvOGJ

GyvvvTvvv}vvv9O*vvv?svvvZvvv+vvvQIG}Fvvv{,h|vvvQ@vvv=vvvavvv?<vvvTvvv+vvv9Svvv9JLvvv9QFvvv+vvv?hGsvvvAvvvZvvv9O*vvv?|vvvgvvv+"?h@vvv9<vvvgvvv?
y%9(11).

$vPG,h@v(pvQGyv=v+v9!v9JGC(Fv(OIyvOi72Ohyv?,Cf59pv,GC8v?|v#GSvAvgv}v9:J
G}Svv}vvOIGyvvgvv9C+vv?@vvP$vv>yvvzvvJvv=vv(H,pvv,Ivv_;vvZvv{Ivv9Yvv+vv{G@vvPQ*vv9JvvvvvGyvvOQ!vv+9J
hGyv=vtv(y+9Jfv̂5pv,GC8v?h4pv,GC8v?fv̂GyvAv(G[.vv}v9*vTvAv"vAvH|v#Gyv=v+v9!v9JGCPvv(QI
CfCvvvvvDvvvvQ|vvvv#CvvvvzvvvvDvvvv,G}Svvvv}vvvvOIsvvvvOGSvvvvAvvvvMvvvvOeCJvvvv9Yvvvv+vvvv{GyvvvvjvvvvPGA.pvvvv,GyvvvvOhdGCAvvvvavvvv(QI
GSvvAvv%vvzvvwvvBIvv9Yvv+vv{GAvv=vv(HsvvQG<vv?53pvv,GC8vv?|vvtvv9<vv{66pvv,GC8vv?pvv,GyvvOhdGyvv"vv9|vv+vv?
|v#Hv}v(YGSvAv%v;vv9JG}Sv}vOIpv,v

o
v{
q

|v"v%v}v9.fv̂GCTvAv(iG svz+}v,@vQGhM!vZv+v>

(11)Balu L. Bumb, Global Fertilizer Perspective, 1960-95: The Dynamics of Growth and Structural

Change, Technical Bulletin; T-34 and T-35 (Muscle Shoals, Alabama: IFDC, 1989).
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GAvvv=vvv(H|vvv#G}Svvv}vvvOI|vvv9<vvv+#34pvvv,GC8vvv?pvvv,C|vvvQ*vvvwvvv9G@vvv"vvv(<vvv+?h72pvvv,GC8vvv?pvvv,
F"(HBS+9.

hE\vvvv9pvvvv?E]Ivvvv9Yvvvv+vvvv{GAvvvv=vvvv(H,@vvvvTvvvvAvvvv%vvvvzvvvvxIvvvv9Yvvvv+vvvv{GyvvvvOQ!vvvv+9JhGyvvvvzvvvv(R*vvvv9J

hGyvv=vvtvv(y+9JhG@vvPQ*vv9JhGCJvv9Yvv+vv{GyvvR*vvAvv+vv?hGyvvqvv9vvv%vv?hpvv(dGyvvZvv(*vv9hsvvZvv>GyvvTvvwvvQ
hGyvvvWvvv}vvv"vvvOQGyvvvTvvvwvvvQj,IvvvZvvvZvvv9

k
:<vvvzS6vvv9|vvv#GSvvvAvvvMvvvOG|vvv9JG}Svvv}vvvOIpvvv,GyvvvOhd

GCAvvavv(QIhGyvv"vv9|vv+vv?fvv̂GyvvTvv(GA.hpvv,Ivv9yvv?E\vv9pvv?$vvPgGAvvZvv[E]!vvTvv=vv?GAvv=vv(H,

pvvvvTvvvv(a@vvvvR*vvvvO!vvvvTvvvv=vvvv?GSvvvvAvvvv%vvvv;cGyvvvvtvvvvavvvv9YGyvvvvjvvvvPGFvvvv,yvvvv~Svvvv}vvvvOIfvvvv#80pvvvv,GC8vvvv?|vvvv#
G:SvAvMvOG|v9JGyvTv}v9O*v?fv̂|vTvAv(iGyvgv9DhCvvDvQ|v#90pv,GC8v?fv̂|vTvAv(iGyvOhd
Gy"9|+?.

pv,GCTvAvtv=v{GyvtvQ*v>,CjIvAqv)fv9e2020Sv(a@vROGOCGv+v?GSvAvMvOGeG}Sv}vOI
C(GFvvv%vvv?;vvvO*vvv9JE!vvvAvvv9LGyvvvjvvvPGAGCTvvvAvvv}vvvQI,h<vvv9yvvvAvvv9[Kvvv><vvvPdG@vvv%vvv(OyvvvAvvvavvv(*vvvQsvvv9fvvvOI
|vgvzv(|v9@v+?:SvAvMvOG|v9JG}Sv}vOIfv̂|vTvAv(iGCJv9Yv+v{pv,GyvOhdGCMvAvzvqv?|v#Lv;d
h\hG:SAQG@+G+9JhGyT+9S9JGy;R|?yPyx.

C9yD9

k
:Gy"dQIGCTAt=z+?E]G}S}OI

1vvvvvGyaz>GCTAt=\f^G}S}OI
yvvvtvvvOsvvvOQ<vvvgvvv̂Gyvvv=vvv9IvvvDvvv_Gyvvvgvvv9|vvvz+#pvvv,|vvvgvvv%vvvOSvvv+vvv9Svvv9J<vvvJvvv(KGyvvvjvvvPGAGyvvvgvvv9C,

(IPFRI)IvvvGvvv~_vvvzvvv>G}Svvv}vvvOIfvvv9e2020hpvvvuCvvv;Cvvv?!vvv}vvv9PL.h<vvv"vvv)Gyvvv"vvv}vvv(PFvvv9f
G}hq:f@vvtvvO*vvQG7vv}vv9hpvvu|vvAvvavvzvv=vv9JG !vvAvv9LGyvvjvvPGFvv+vv?hIvv9Fvv?Gyvv"vv=vv9@vv9JGyvvTvv}vv9O*vv?.C|vv9
Gyvv"vv}vv(PLGyvvDvv9yvvEpvvtvvOsvvOQGyvvavvzvv>Gyvvqvvgvv9dhpvvu|vv(O*vv{CLvvPpvv,IvvTvv9<vv9@vv&vvv;

k
|vv#

GCAvvjvv+vvQGJG:svvAvvZvv9O*vv?Gyvvqvv9fvvzvv?hivv+vvQGyvvqvv9fvvzvv?|vvDvv{:|vvOi@vv(GpvvQGyvvgvv}vv;JGyvvZvvgvv=vv?,

|vgvO:JGyvZvQa,CSvgv9QGCJv9Yv+v{,CSvgv9QG}Sv}vOI,@vav(Q!vdv~GyvQjhGyvgv(G|v{
GBvv9Yvv?<vv9yvv=vv"vv)GyvvAvvJvvAvv+vv?G}LvvQi.vvv}vv9QGfvv)$vvPGGyvv"vv}vv(PL@vvzCvv+vvQSvv+vv9Svv?G Yvv;M
yvvavvzvv>G}Svv}vvOI.yvvtvvOG!vvWvvtvvBGyvvAvvtvvO*vvQGJpvv,$vvPGGyvv"vv}vv(PL|vv#GyvvavvQbG:svvAvvZvv9O*vv?
GyvAvJvz+z+?hpvtv9

k
yv"v(fv+v?GCgvzv(|v9J.h@vWv+vQ$vPgGyvAvtvO*vQGJEKv9<v+9

k
E]Gyvavzv>Gyvqvgv9d,

<v+"v}v9Fv%vRJGyvAvtvO*vQGJhpvtv9
k

yvzvavQ*vtvAv_G}hy+_yvAvgvav,Ch@vtvAvQM|vAvavzv=v9Jsv+v9Sv+v?
(Normative).

C|vv9Ivv9Fvv?Gyvv"vv=vv9@vv9JE]GyvvTvv}vv9OpvvtvvOsvvOQJ<vv9SvvAvvMvvOGe|vvgvv9|vv;J;vvQcGyvvgvv"vv9YvvQ
GyvvjvvPGFvv+vv?CMvvAvvzvvrGAvv=vv(H<vv9yvvQ<vvb|vvh|vvgvvO:JG|vvAvvZvv9UGyvvgvv"vv9YvvQGyvvqvvgvv9yvv?.h@vvWvv+vvQ$vvPg
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GyvAvtvO*vQGJE]IvGv~G}Sv}vOIGyv;R|v?EPG<vtv+vBGIvAv+v9Fv9JGyvgv"v9YvQGyvjvPGFv+v?pv,GyvAvQH

fvvv̂|vvvTvvvAvvv(*vvv97vvv9G}hy+?.vvvvPyvvvxGAvvv9d<vvv"vvv+vvvB|vvvAvvvavvvzvvv=vvv9JG}Svvv}vvvOIhpvvvtvvv9
k

Avvv9Fvvv?G !vvvAvvv9L
GyvvjvvPGFvv,,h<vv9yvvAvv9[pvv9yvvavvzvv>fvv̂Gyvvgvv"vv9YvvQGyvvTvv}vv9O*vv?Kvv>Cf*vvtvv9<vv{Ivv9Fvv9JG !vvAvv9L
GyjPGF,f9e2020.

h<vvvMvvvZvvv(UGyvvvavvvzvvv>Gyvvvqvvvgvvv9dfvvv̂G}Svvv}vvvOIGfvvvAvvv}vvvOJSvvv"vvv?1990vvvvTvvv"vvv?CSvvv9S
AvvTvv9H|vvgvvO:JGyvv"vv}vv(yvvzvvavvzvv>pvv,GCOiGyvv=vvgvv+vvO.pvv,\vv(APyvvxsvvOQGyvvavvzvv>Gyvvgvv9C,
yvvv~Svvv}vvvOILvvv;dGyvvvqvvvAvvvQI1990vvvvv2000<vvv}vvvgvvvOdSvvv"vvv(jsvvvOQg1,2pvvv,GC8vvv?.h<vvvWvvvwvvv{
CQsvv9e|vvavvzvvtvv?|vv#GCAvv(svvhCf*vvROGOGyvvavvzvv>fvv̂G}Svv}vvOI|vv#44|vvz+(f_vv#fvv9e1990
E]208|vvv;*vvv__vvv#fvvv9e2020vvvv}vvv9$vvv(|vvv(\vvvKpvvv,G@vvvOhdQsvvv~(7vvvvv2),vvvvPyvvvx
|vvvv#GCAvvvv(svvvvhCf*vvvvROGOG:SvvvvAvvvvMvvvvOGeGyvvvvgvvvv9C,|vvvv#P2 O5hK2OhN|vvvv#79,38,h27
|vvz+(f_vv#fvv9e1990,E]115,56,h37|vvz+(f_vv#fvv9e2020@vvtvvQ*vv=vv9

k
(G@vvOhd

Qsvv~(7vvvvv3)).$vvPGh|vv#GCAvv(svvhCf;vvOK|vvgvvdvv~GyvvR*vv9OGJpvv,GSvvAvvMvvOG|vv9JGyvvTvv}vv9O
f9C+9

k
<gOf9e2000y~S=9HGyA9y+?:

Cvvvvv|vv#GCAvv(svvhCfLvvOKEYvv;MGyvvTvv+vv9Svv?GyvvTvv}vv9O*vv?hEFvvQGAGJ>vv9*vv?Gyvv=vv+vv8vv?BCvv9QG
k

Sz=+?f^GSAMOG|9JG}S}OIp,ChQh<9GyjQ<+?.

Hvvvvv|vv#GCAvv(svvhCf@vvtvvzvv[fvv}vvz+9JG Yvv;MGyvvTvv+vv9Svv,hG:svvAvvZvv9Ojpvv,ChQh<vv9
GyvWvQsv+v?hG:;v9OGyvQhSv,GSvAvMvOG|v9JG}Sv}vOI<vWvwv{VvO*vO|v#<vOG*v?hIvAv)|v"vAvZvr
GyvvAvvTvvgvv+"+vv9J.h|vv#GCAvv(svvhC*vv]vv9

k
yvv%vvPgG}svv9y+~Cf@vvjvvavv,GSvvAvvMvvOG|vv9JG}Svv}vvOIIvvAqvv)

89*?GygtOGA9[.

Lvvvvv*vv}vvwvv#IvvOhK!vv}vv(|vvtvv=vv(dpvv,GSvvAvvMvvOG|vv9JG}Svv}vvOIpvv,Esvvz+}vv,C|vvQ*vvwvv9
GyvvvWvvv}vvv9y+?hChsvvv+vvv9!vvv(Svvv+vvv9!vvv9Vvvvrfvvv#;vvvTvvv#IvvvAvvv}vvv{pvvv,@vvvZvvvO*vvvQGCJvvv9Yvvv+vvv{pvvv,8vvv9*vvv?
GyATg+"+9J.

Ovvvvv|vvv#GCAvvv(svvvhCf<vvvqvvv̂<vvvQG|vvvHG Yvvv;MGyvvv%vvv+vvvwvvvz+?G:svvvAvvvZvvv9O*vvv?hGyvvvTvvv+vvv9Svvv+vvv?
GSvvvAvvvMvvvOG|vvv9JG}Svvv}vvvOIpvvv,fvvvOIOhd!vvv9|vvv+vvv?.vvvvPyvvvx|vvv#GCAvvv(svvvhC*vvv]vvv9

k
Cf@vvvtvvv(O<vvvQG|vvvH

G Yvv;MG:svvAvvZvv9O*vv?pvv,OhdChQh<vv9GyvvWvvQsvv+vv?hG:;vv9OGyvvQhSvv,E]EIvvOGKCCvvQ
m

EKvv9N
fvvv̂!vvv}vvv(GSvvvAvvvMvvvOG|vvv9JG}Svvv}vvvOIpvvv,|vvvavvvzvvvhGyvvvtvvvQfGyvvv(GIvvvOhGyvvvgvvvWvvvQ*vvv#,EP|vvv#GCAvvv(svvvh
GRO*vv9OGSvvAvvgvv}vv9dGyvvTvv}vv9Opvv,$vvP*vv#G svvz+}vv_<vv}vvgvvOd1,9vvvvv2,2Svv"vv(*vv9

k
Lvv;dGyvvqvvAvvQI

2000vvvvv2020.h|vhPyvx|v#GCAv(svhCf*vZv{GSvAvMvOGeG svz+}v_GCPvv(Q*v#yvzvTv}v9O
f9e2020|9v9ffz+&GCTA(if9e1990.
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C|vv9pvv,Csvv9y+~C|vvQ*vvwvv9GyvvWvv}vv9y+?hChQh<vv9GyvvjvvQ<vv+?hChsvv+vv9!vv(Svv+vv9,pvv}vv#GCAvv(svvhR*vv9OI
GSvAvMvOGeG}Sv}vOI|v9<v+#1vvvvv2pv,GC8v?Sv"v(*v9

k
.h|vhPyvx*vAv"v=vzG:LvAvZv9Yv+v(f<vMvqv̂

GSvvAvvMvvOG|vv9JG}Svv}vvOIpvv,ChQh<vv9GyvvjvvQ<vv+?<vv"vvTvv=vv?16pvv,GC8vv?fvv9e2020fvv#|vvTvvAvv(i
GSAMOG|%9f9e1990.

G@OhdQs~(7vvvvv2)
@(sg9JGyaz>Gyg9C,f^G}S}OIL;dGyqAQI1990vvvvv2020(|z+(f_#)

2020 2010 2000 1990(*) G}s9y+~

26,0 24,0 22,1 20,9 C|Q*w9GyW}9y+?

18,5 16,7 15,7 22,1 ChQh<9GyjQ<+?

10,1 8,2 6,5 9,3 ChQh<9GyWQs+?

24,0 19,4 16,3 24,5 C*(QGS+9

3,2 2,7 2,2 1,9 Chs+9!(S+9

9,3 6,6 5,1 3,5 CpQ*t+9

3,4 2,7 2,1 1,5 V}9d

4,2 3,0 1,9 1,02 GyZJQGh*?

1,7 1,4 1,1 0,8 F"(H

16,2 13,2 10,4 8,2 C|Q*w9Gy;@+"+?

4,8 4,0 3,2 2,9 Gy(Sa)

11,4 9,2 7,2 5,3 F"(H

100,7 85,3 69,7 53,2 BS+9

58,6 51,6 43,5 34,2 VQb

33,3 26,8 20,6 14,8 F"(H

8,3 6,9 5,6 4,2 iQH

208,0 176,6 148,0 143,6 Gyg9D

86,4 74,7 65,7 81,3 GyOhdGCAa(QI

121,6 101,9 82,3 62,3 GyOhdGy"9|+?

|v;Ivdv?:(*)GCQvvvRGyvvOh[yvvAvvavv(*vvQG}Svv}vvOI:GyvvAvv(svvgvv9J|vv=vv"vv+vv?fvv̂N+P2O5 +K2O=NPKh@vvQ|vvRE]
G:SA%;cGyqg\yg9e1990.

GCZOQ:Food and Agriculture Organization (FAO), Fertilizer Data Diskettes (Rome: FAO, 1994).
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G@OhdQs~(7vvvvv3)
@(sg9JGyaz>f^G}S}OIhpt9

k
y~s9y+~hC!(GYG}S}OI

L;dGyqAQI1990vvvvv2020(|z+(f_#)

Gy=(@9S+(e(K 2 O) Gyq(Sq(Q(P 2 O 5) G}RhJ(N) G}s9y+~

2020 2000 1990(*) 2020 2000 1990(*) 2020 2000 1990(*)

6,0 5,2 5,1 6,4 4,9 4,6 14,0 12,0 11,2 C|Q*w9GyW}9y+?

4,5 3,9 5,8 4,0 3,3 5,1 10,0 8,5 11,2 ChQh<9GyjQ<+?

2,6 1,4 2,4 2,5 1,6 2,3 5,0 3,5 4,6 ChQh<9GyWQs+?

6,5 4,0 6,4 7,0 5,3 8,2 10,5 7,0 9,9 C*(QGS+9

0,5 0,3 0,3 1,5 1,1 1,1 1,2 0,8 0,5 Chs+9!(S+9

1,3 0,7 0,4 2,6 1,6 1,1 5,4 2,8 2,0 CpQ*t+9

0,4 0,2 01 1,0 0,6 0,4 2,0 1,3 1,0 V}9d

0,5 0,3 0,2 1,0 0,6 0,4 2,7 1,0 0,6 GyZJQGh*?

0,4 0,2 0,1 0,6 0,4 0,3 0,7 0,5 0,4 F"(H

4,2 2,7 2,0 5,0 3,1 2,4 7,0 4,6 3,8 C|Q*w9Gy;@+"+?

0,8 0,5 0,4 1,0 0,6 0,5 3,0 2,1 2,0 Gy(Sa)

3,4 2,2 1,6 4,0 2,5 1,9 4,0 2,5 1,8 F"(H

11,1 7,3 4,5 27,4 18,2 12,7 62,2 44,2 36,0 BS+9

7,5 5,2 3,0 15,6 10,9 7,5 35,5 27,4 23,7 VQb

3,1 1,8 1,3 8,5 5,2 3,7 22,2 13,6 9,8 F"(H

0,5 0,3 0,2 3,3 2,1 1,5 4,5 3,2 2,5 iQH

36,7 25,5 26,9 56,0 39,1 37,5 115,3 83,4 79,2 Gyg9D

21,1 15,5 20,6 22,3 17,3 22,2 43,1 32,9 38,5 GyOhdGCAa(QI

15,6 10,0 6,3 33,7 21,8 15,3 72,2 50,5 40,7 GyOhdGy"9|+?

|;Id?:(*)<+9!9Jf9e1990GAt+t+?y;SA%;c.
GCZOQ:GCZOQ!qT&.

|vv#Fvv%vv?CLvvQi*vvAvv"vv=vvzG:LvvAvvZvv9Yvv+vv(f<vv"vv}vv(GSvvAvvMvvOG|vv9JGyvvTvv}vv9Opvv,Csvv9y+~BSvv+vv9
hCpvvQ*vvtvv+vv9hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?|vv9<vv+#1,8vvvvv2,4pvv,GC8vv?Svv"vv(*vv9

k
.h<vvzQsvv9e|vvavvzvvtvv?|vv#GCAvv(svvh

Cf@vR*vOBSv+v9GSvAvMvOG|v%v9yvzvTv}v9O<vvvvv31|vz+(f_v#<vJv+vE*v}vDv{$vPGGyv"v}v(svQG<v?50pv,
GC8vv?|vv#!vv}vv(GSvvAvvMvvOG|vv9JGyvvTvv}vv9OGyvvgvv9C,Lvv;dGyvvqvvAvvQI2000vvvvv2020.hLvv;dGyvvqvvAvvQI
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!vvqvvTvv%vv9|vv#GCAvv(svvhCf*vvR*vvOEsvvz+~C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?GSvvAvv%vv;vvv&yvv~Svv}vvOI<vv"vvTvv=vv?5,8|vvz+(f
_#hEsz+~GyZJQGAG}pQ*t+?<"T=?2,3|z+(f_#.

G@OhdQs~(7vvvvv4)
|gO:J!}(GSAMOG|9JG}S}OIhpt9

k
y~s9y+~Gyg9C+?

L;dGyqAQI1960vvvvv2020(p,GC8?)
1990-2020 2000-2020 1990-2000 1960-1990 G}s9y+~

0,9 1,0 0,6 3,4 C|Q*w9GyW}9y+?

-0,6 0,8 -3,4 2,4 ChQh<9GyjQ<+?

0,3 2,2 -3,6 5,5 ChQh<9GyWQs+?

-0,1 1,9 -4,1 7,9 C*(QGS+9

1,7 1,9 1,5 2,9 Chs+9!(S+9

2,9 2,4 3,8 6,5 CpQ*t+9

2,7 2,4 3,4 6,7 V}9d

3,3 2,6 4,6 8,3 GyZJQGh*?

2,5 2,2 3,2 4,6 F"(H

2,3 2,2 2,4 8,2 C|Q*w9Gy;@+"+?

1,7 2,5 0,9 7,6 Gy(Sa)

2,6 2,3 3,0 8,6 F"(H

2,1 1,8 2,7 9,3 BS+9

1,8 1,5 2,4 8,3 VQb

2,8 2,4 3,3 12,0 F"(H

2,3 2,0 2,9 12,5 iQH

1,2 1,7 0,3 5,5 Gyg9D

0,2 1,4 -2,1 4,0 GyOhdGCAa(QI

2,2 2,0 2,8 10,5 GyOhdGy"9|+?

GCZOQ:GCZOQ!qT&.

yvtvOsvOQJhfvQ\vBG:IvAv+v9Fv9JGyvTv}v9O*v?yv"v}v(PFv,G!vAvtv9dGyvgv"v9YvQGyvTv}v9O*v?
hE!vvvvAvvvv9LGAvvvv=vvvv(Hpvvvv,G@vvvvOhdQsvvvv~(7vvvvv5)pvvvv,Gyvvvv"vvvv}vvvv(PLG}hd(G!vvvvAvvvvtvvvv9dGyvvvvgvvvv"vvvv9YvvvvQ
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GyvvvTvvv}vvv9O*vvv?)@vvv~q@vvvtvvvO*vvvQG!vvvAvvvtvvv9dGyvvvgvvv"vvv9YvvvQGyvvvTvvv}vvv9O*vvv?yvvvw
o
vvv{
q

|vvv#G}QRhGyvvvtvvv}vvvKhGyvvvPQI
hIv9Yv+v{GAv=v(HG}LvQihpvu|vgv9O:JGyvgv"v9YvQ(Nutrient Removal Coefficients),
GyvvvAvvv,CfvvvO7vvv9|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?(FAO),hGC|SvvvTvvv?Gyvvvgvvv9C+vvv?yvvvAvvvZvvv"vvv+vvvh
G}Svvvvv}vvvvvOI(IFA)fvvvvv9|vvvvv,1992vvvvv1994,h@vvvvv(svvvvvgvvvvv9JE!vvvvvAvvvvv9LGAvvvvv=vvvvv(HGyvvvvvAvvvvv,CfvvvvvO$vvvvv9
QhRiQG!B(Rosegrant)hCi+([(Agcaoili)h<+Q*R(Perez)f9e1995(12).

G@OhdQs~(7vvvvv5)
G:IA+9F9JGyT}9O*?p,Gyg9Df9e2020(|z+(f_#)

G}s9y+~G:sAZ9O*?!}(PLG!At9dGyg"9YQGyT}9O*?
(|z+(f_#)

!}(PLG!At9dGA=(H
(|z+(f_#)

GyOhdGCAa(QI115,177,6

GyOhdGy"9|+?251,1185,3

Gyg9D366,2262,9

GCZvvvvvvvvvvvvOQ:Balu L. Bumb and Carlos A. Baanante, The Role of Fertilizer in Sustaining Food Security

and Protecting the Environment to 2020 (Washington, DC: International Food Policy Research Institute

(IFPRI), 1996).

pvv,Hvv9dE!vvAvv9LGAvv=vv(HLvvAvv9LGyvvgvv9DE]GSvvAvvMvvOGe263|vvz+(f_vv#@vv9Qvvv9
k
!vvtvvZvv9

k

svOQg25|vz+(f_v#.hpv,cvQha$vPGGyv"v}v(PL$v"v9cpv9Fv̂yvOiGyvOhdGCAvav(QIsvOQg
8|vv;*vv__vv#,pvv,Ivv_yvvOiGyvvOhdGyvv"vv9|vv+vv?!vvtvv[svvOQg63|vvz+(f_vv#.h$vvPGGyvv"vvtvv[

pvv,$vvPgGyvvOhdpvv,$vvP*vv#Gyvv"vv}vv(PFvv_Svv(a*vvtvvh<vv+#45pvv,GC8vv?vvvvv105pvv,GC8vv?|vv#
Gyvvavvzvv>Gyvvqvvgvv9dGCAvv(svvh.$vvPGh@vvgvv}vv{GSvvAvvMvvOG|vv9JG}Svv}vvOIGCJvvz+?hivv+vvQ$vv9fvv̂@vvtvvz+[

$vvPGGyvv"vvtvv[,E:Cf$vvPGGyvvtvvZvv(Q(GyvvgvvGvvR)yvv&BCvv9QSvvzvv=vv+vv?fvv̂v

o
vv{
q

|vv#G}|vv#GyvvjvvPGFvv,
hIvvqvveGC(GQOpvv,Gyvv=vv;OGyvv"vv9|vv+vv?,|vv9D@vv=vvPdFvv%vv(OE\vv9pvv+vv?yvvQpvvh|vvTvvAvv(*vv9JGSvvAvvMvvOGe
G}S}OI|hS}9YY(JGyg9|z+#f^>9*?Gy=+8?.

2vvvvvGygQVGCTAt=\y~S}OI
yvvvvtvvvvOsvvvvOev

o
vvvv{
q

|vvvv#Gyvvvv=vvvv"vvvvxGyvvvvOh[(WB),h|vvvv"vvvvdvvvv}vvvv?G}ivvvvP*vvvv?hGyvvvvRQGfvvvv?GyvvvvOhy+?
(FAO),hGC"vvdvv}vv?Gyvvgvv9C+vv?yvvzvvAvv"vv}vv+vv?GyvvZvv"vv9fvv+vv?(UNIDO)hGCQvvvRGyvvOh[yvvzvvAvv"vv}vv+vv?GyvvTvv}vv9O*vv?
(IFDC),|vv#Lvv;dHvv}vv(fvv?Gyvvgvv}vv{GyvvAvv,Vvvw

q
vvzvvBfvv9e1994,GsvvAvvQGIvv97vv9GCAvv(svvgvv?fvv#

(12)Rosegrant, Agcaoili-Sombilla and Perez, Global Food Projections to 2020: Implications for

Investment.
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@vvv"vvv}vvv+vvv?GyvvvgvvvQVGyvvvwvvv9|vvv#yvvv~Svvv}vvvOIhGCtvvvOQI<vvv+#143vvvvv163|vvvz+(f_vvv#|vvv#Gyvvvgvvv"vvv9YvvvQ
GyvTv}v9O*v?fv9e2000,h<v9yvAv9[GIvAv9LGyvgv9DE]Lvav?@vZv"v+vgv+v?<vzvkIvGv}v%v9|v9<v+#54vvvvv

70|vz+(f_v#|v#Gyvgv"v9YvQGyvTv}v9O*v?C(GFv%v?Gyvavzv>Gyvqvgv9dyv~Sv}vOIyvzvgv9e!vqvTv&.pv,
Gyvvvvgvvvv9eGCPvvvvv(QfvvvvQ\vvvvBBSvvvv+vvvv940|vvvvz+(f_vvvv#|vvvv#G}RhJ(46pvvvv,GC8vvvv?|vvvv#GyvvvvgvvvvQV
Gyvvgvv9C,Gyvvwvv9|vv#),vvvPyvvxSvvAvvwvv(fCsvv9y+~C*vv(QGSvv+vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?hChQh<vv9GyvvjvvQ<vv+?
GC"vvAvvGvv_GyvvQFvv+vvTvv_yvv;RhJ,pvv,Ivv_SvvAvvwvv(fCsvv9y+~BSvv+vv9hC*vv(QGSvv+vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?
hVvv}vv9dCpvvQ*vvtvv+vv9|vv#GC"vvAvvGvv_GyvvQFvv+vvTvv_yvvvvvP 2 O 5,C|vv9E!vvAvv9LK 2 OpvvTvv(a*vv(FvvO<vvWvvwvv{
QFvv+vvUpvv,v

o
vv{
q

|vv#Esvvz+}vv,C|vvQ*vvwvv9GyvvWvv}vv9y+?hC*vv(QGSvv+vv9,hSvvAvv"vvAvvHv
o
vv{
q

|vv#vvv"vvOGhQhSvv+vv9
h<vv+;QhSvv+vv9CvvvDvvQ|vv#75pvv,GC8vv?|vv#Gyvvavv9svv?G !vvAvv9Fvv+vv?yvvvvvK 2 O!vvdvvQG

k
E]EvvQvvvRGC(GO

G}hy+?Gy=(@9S+?Gyg9C+?p,$PgGy=zOGf.

3vvvvv@(GRffQVh_z>G}S}OIf9C+9
k

*vvvvgvvvvQVG@vvvvOhdQsvvvv~(7vvvv6)@vvvv(GRffvvvvQVh_vvvvzvvvv>G}Svvvv}vvvvOIhpvvvvtvvvv9
k
yvvvvzvvvvavvvvzvvvv>

hGyvvgvvQVGyvvwvv9|vv#GCAvv(svvgvv_.pvv,fvv9e2000RGOfvvQVGyvvgvv"vv9YvvQGyvvTvv}vv9O*vv?GyvvDvv;KN,
P 2 O 5,K 2 OGyvvvvavvvvzvvvv><vvvvvv|vvvvz+(!vvvv+#vvvv3|vvvv;*vvvv__vvvv#fvvvv̂GCTvvvvAvvvv(iGyvvvvgvvvv9C,.C|vvvv9fvvvv̂

GCTvAv(iG svz+}v,pv+vMvAvzvrG}|vQvvz+?,pv=v9yvQiv~|v#Sv+v9OIG svz+~G6Sv+v(jfv̂E!vAv9L
G}Sv}vOI,E:CfEsvz+}v+v%v9VvQbhFv"v(HBSv+v9yvO9v}v9fvGvRpv,Gyvgv"v9YvQGyvDv;Cv?.vvPyvx
GAvvv9d$vvv"vvv9cfvvvGvvvRpvvv,$vvvPgGyvvvgvvv"vvv9YvvvQpvvv,v

o
vvv{
q

|vvv#Esvvvz+}vvv,C|vvvQ*vvvwvvv9G@vvv"vvv(<vvv+?hCpvvvQ*vvvtvvv+vvv9
GyvvZvvJvvQGh*vv?.C|vv9C|vvQ*vvwvv9Gyvv(Svvavv)pvvqvv+vv%vv9pvv9Fvv̂pvv,G}RhJhvvvPyvvxGAvv9dpvv,Esvvz+~
V}9dCpQ*t+9<&p9F^p,Gyg"ZQ*#:G}RhJhGyq(Sq(Q.

<vv9yvv"vvTvv=vv?E]Csvv9y+~GyvvOhdGCAvvavv(QI,|vv#GCAvv(svvhCf*vv(FvvOpvv9Fvv̂pvv,G}RhJpvv,
Esvz+}v,C*v(QGSv+v9hChQh<v9GyvWvQsv+v?,hpv9Fv̂pv,Gyvqv(Svqv(Qpv,Esvz+}v,C|vQ*vwv9GyvWv}v9y+?
hC*vvv(QGSvvv+vvv9,hpvvv9Fvvv̂pvvv,Gyvvv=vvv(@vvv9Svvv+vvv(epvvv,Csvvv9y+~C|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?hChQh<vvv9GyvvvjvvvQ<vvv+?
hC*v(QGSv+v9.Lv;Yv?Gyvtv(d,Ef|vgvdv~Gyvqv9Fv̂*v(FvOpv,GyvOhdGCAvav(QIh|vgvdv~GyvgvGvR
*vvv(FvvvOpvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?.yvvvtvvvOsvvvOQJ|vvv+vvvRG!vvv+?fvvvQVh_vvvzvvv>G}Svvv}vvvOIyvvvgvvv9e2020
<9pAQGV<t9AGya9s?GyT}9O*?GCgA}OIyg9e2000C9<A?.

h@vvWvv+vvQGyvvAvvtvvO*vvQGJpvv,G@vvOhdQsvv~(7vvvvv6)E]Ivv9Fvv?Gyvvgvv9DG \vv9pvv+vv?E]Gyvvavv9svv?
GyvvTvv}vv9O*vv?G \vv9pvv+vv?yvvzvvgvvQVGCtvvOQI<vvvv51|vvz+(f_vv#|vv#Gyvvgvv"vv9YvvQGyvvTvv}vv9O*vv?GyvvjvvPGFvv+vv?
Gyvvwvvz+?hGyvvAvv,@vvAvv(RYfvv̂29|vvz+(f_vv#N,h15|vvz+(f_vv#P 2 O 5,h8|vv;*vv__vv#

K 2 O.SvAv=vtv)BSv+v9|vTvAv}vQIpv,IvZv(yv%v9fv̂GyvgvGvRG}vv=vQhGCtvOQ<vvvv90pv,GC8v?|v#
Hvv}vv{GyvvgvvGvvRGyvvgvv9C,.yvvPGKvv>fvvz+%vv9Cf@vvTvvAvvDvv}vvQvvvDvv+vvQG

k
pvv,Gyvvavv9svv?GyvvTvv}vv9O*vv?fvv=vvQ@vv"vvdvv+vv~
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CQ<vv9Ivv%vv9|vv#:vv9QIG}Svv}vvOI.<vvWvvwvv{fvv9e,Svv+vv=vvtvv)Esvvz+}vv9C|vvQ*vvwvv9GyvvWvv}vv9y+?hC*vv(QGSvv+vv9
Ivv9pvvdvv_fvv̂h\vvgvv+vv%vv}vv9|vv#Ivv+vvEoGyvvqvv9Fvv̂pvv,fvvQVGyvvTvv}vv9OGyvvwvv\,<vv9yvvQivv~|vv#Cf
Esvvz+~C|vvQ*vvwvv9GyvvWvv}vv9y+?Svv+vvZvv{E]fvvGvvRpvv,GyvvTvv}vv9OG}RhOhEsvvz+~C*vv(QhSvv+vv9E]fvvGvvR
pvv,GyvvTvv}vv9OGyvvqvv(Svvqvv9O.C|vv9<vvtvv+vv?G}svv9y+~pvv+vv(FvvO6vv9fvvGvvRpvv,CIvvOCh=vv+vvhGyvvgvv"vv9YvvQ
GyvvjvvPGFvv+vv?GyvvTvv}vv9O*vv?.$vvPG,hSvv+vv=vvtvv)Esvvz+~Vvv}vv9dCpvvQ*vvtvv+vv9svv9OQG

k
fvv̂@vvZvvO*vvQ3|vv;*vv__vv#

|#P2O5f9e2020h|#OhfGSAD}9QGJE\9p+?.

G@OhdQs~(7vvvvv6)
@(GRffQVh_z>G}S}OIGCA(shf9|,2000h2020

hpt9
k

}s9y+~Gyg9D(|z+(f_#)

f9e2020(*)
f9e2000 G}s9y+~

GCG}(Y K2O P2O5 N GCG}(Y K2O P2O5 N

7,0 5,4 4,8 -3,2 10,9 6,2 5,9 -1,2 C|Q*w9GyW}9y+?

-1,1 1,2 -1,3 -1,0 0,7 1,8 -0,6 -0,5 ChQh<9GyjQ<+?

-3,1 -2,6 -0,9 0,4 0,5 -1,4 YqQ 1,9 ChQh<9GyWQs+?

3,5 1,5 -0,3 2,3 11,2 4,0 1,4 5,8 C*(QGS+9

-1,9 -0,5 -0,6 -0,8 -0,1 -0,3 -0,2 0,4 Chs+9!(S+9

-0,9 -1,3 3,0 -2,6 3,2 -0,7 4,0 -0,1 CpQ*t+9

2,8 -0,4 3,4 -0,2 4,1 -0,2 3,8 0,5 V}9d

-3,3 -0,5 -0,6 -2,2 -1,0 -0,3 -0,2 -0,5 GyZJQGh*?

-0,5 -0,4 0,2 -0,3 -0,1 -0,2 0,4 -0,1 F"(H

-8,3 -3,7 -3,2 -1,4 -2,5 -2,2 -1,3 1,0 C|Q*w9Gy;@+"+?

-0,5 -0,8 -0,4 -0,7 1,1 -0,5 YqQ 1,6 Gy(Sa)

-7,7 -2,9 -2,8 -2,0 -3,5 -1,7 -1,3 -0,5 F"(H

-46,2 -7,9 -16,0 -22,3 -15,2 -4,1 -6,8 -4,3 BS+9

-28,4 -6,9 -8,3 -13,2 -13,2 -4,6 -3,6 -5,1 VQb

-20,5 -3,1 -7,1 -10,3 -7,3 -1,8 -3,8 -1,7 F"(H

2,7 -2,1 -0,6 1,2 -5,4 2,3 0,6 2,5 iQH

-51,1 -7,9 -14,5 -28,6 8,9 3,3 2,3 3,3 Gyg9D

|;Id?:(*)IT(<?p,\(AGyaz>GCA(shyg9e2020hGygQVGyw9|#GCtOQyg9e2000.

GCZOQ:IT(H|#<+9!9JG@OGhdGyT9<t?.
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h<vv9yvvQivv~|vv#@vv(GpvvQGyvvjvv9RGyvvavv=vv+vvgvv,pvv,Csvv9y+~|vvAvvgvvOOICLvvQivvvz*vv(QGSvv+vv9hivvQH
BSvv+vv9hC|vvQ*vvwvv9Gyvv(Svvavv),pvvTvvAvv=vvtvv)$vvPgG}svv9y+~GC"vvAvvGvv?GyvvQFvv+vvTvv?(Gyvvqvv9Fvv̂)yvv;RhJ,
pvv,Ivv_SvvAvv=vvtvv)C|vvQ*vvwvv9GyvvWvv}vv9y+?hVvv}vv9dCpvvQ*vvtvv+vv9GC"vvAvvGvv?GyvvQFvv+vvTvv?yvvzvvqvv(Svvqvv(Q(P2O5)

hyz=(@9S+(e(K2O).

hGyvvTvv|GdGC%vv~GCavvQhM$vv"vv9:$vv{*vvTvvAvvavv+vvhGyvvgvv9DE!vvAvv9Lvvvqvv9*vvAvv&|vv#G}Svv}vvOIfvv9e
2020?

pvv,Svv=vv+vv{;vvtvv+vvu_vvzvv>G}Svv}vvOIGyvvqvvgvv9dGCAvv(svvhKvv>R*vv9OIE!vvAvv9LG}Svv}vvOI<vvvv51
|vvvz+(f_vvv#Lvvv;dGyvvvqvvvAvvvQI2000vvvvv2020(13),Cj<vvv(Gsvvvh1,4pvvv,GC8vvv?R*vvv9OISvvv"vvv(*vvv?.
h!vvdvvQG

k
E];vvtvvu!vvTvv=vv?!vv}vv(5,7pvv,GC8vv?Lvv;dGyvvqvvAvvQI1960vvvvv1990pvv{f|vv#GyvvTvv%vv(yvv?

Gy(Y(dE]!T=?Gy"}(GCaz(<?GCPv(QI.

$vvvPGh@vvvgvvvAvvv=vvvQv
o
vvv{
q

|vvv#GC(GOG}hy+?hGyvvvQCSvvv}vvv9dGCTvvvAvvvDvvv}vvvQhGyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9hCSvvvgvvv9Q
G}Svv}vvOI,GCJvvOOGJGyvvQFvv+vvTvv?GCJvvAvv}vvzvv? !vvAvv9LG}Svv}vvOI.<vv9yvv"vvTvv=vv?E]Gyvvgvv(G|vv{GyvvDvv;Cvv?
G}h],|vvvv#ivvvv+vvvvQGCJvvvvAvvvv}vvvv{Cf@vvvvwvvvv(fIvvvvOOGJLvvvvavvvv+vvvvQI,pvvvv9yvvvvjvvvv9RGyvvvvavvvv=vvvv+vvvvgvvvv,*vvvvgvvvvAvvvv=vvvvQ
Gyvvv%vvv+vvvOQhvvvvQ<vvv(fG}Svvv9Svvv, !vvvAvvv9LG}Svvv}vvvOIG}Rh@vvv+?|vvvAvvv(GpvvvQG

k
<vvvwvvv}vvv+vvv9Jvvvv=vvv+vvvQIEP@vvv=vvvzvvvk

GIvvAvv+vv9_vv+vv9@vv&Gyvvgvv9C+vv?svvQG<vv?4378,1@vvQy+(fsvvOe(14).h<vv9yvvQivv~|vv#hFvv(O|vv"vv9pvvTvv?yvvzvvjvv9R
Gyvvavv=vv+vvgvv,|vv#Gyvvtvvavv9fvv9JG:svvAvvZvv9O*vv?G}LvvQi(ivv+vvQGyvvRQGfvv+vv?)pvv,Csvv9y+~Fvv"vv(HBSvv+vv9
hFvv"vv(HC|vvQ*vvwvv9hChQh<vv9GyvvjvvQ<vv+?hGyvvWvvQsvv+vv?,E:CfG}svv9y+~Gyvvgvv9C+vv?G}LvvQiyvvO9vv9|vv9
*vvwvvqvv, !vvAvv9LG}Svv}vvOIG}Rh@vv+?yvvgvvOIfvvtvv(Osvv9O|vv?,pvv{svvz+~ivvQHBSvv+vv9hIvvOg*vv}vvwvv"vv&
E!vvAvv9LCSvv}vvOICRh@vv+?;vvtvvuGyvvavvzvv>Gyvvgvv9C,fvv#_vvQ*vvu;vv(*vv{Gyvvjvv9RGyvvavv=vv+vvgvv,E]C|vv(!vv+9.
vvvPyvvx@vvgvvAvv=vvQGyvvZvvMvv(QGyvvqvv(Svvqvv9@vv+?GyvvOfvv9|vv?Gyvvwvv=vvQiyvv~Svv}vvOIGyvvqvv(Svvqvv9@vv+?h$vv,|vvAvv(GpvvQI
<Ww{v=+QC*]9

k
p,Gyg9DGyPj<zjBGIA+9_+9@&sQG<?14102|z+(f_#(15).

h@vvvgvvvAvvv=vvvQCSvvvgvvv9QG}Svvv}vvvOI$vvv,GCJvvvOOG}Lvvv+vvvQhG}vvvvDvvvQCGvvv+vvv?,pvvv9}Svvvgvvv9QGyvvvgvvv9C+vvv?
yv~Sv}vOIG!vMvqv]vBpv,ChGLvQGyvDv}v9!v+"v+v9JhChGFv{GyvAvTvgv+"+v9JGyvAv,CIvOCvB@vQGFvgv9

k
pv,

G !vvvAvvv9Lpvvv,v
o
vvv{
q

|vvv#Csvvv9y+~C|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?hChQh<vvv9GyvvvjvvvQ<vvv+?hChsvvv+vvv9!vvv(Svvv+vvv9,h<vvv9yvvvAvvv9[

(13)Ctvv9<vvzvv?G:IvvAvv+vv9Fvv9JGyvvTvv}vv9O*vv?GCAvv(svvgvv?pvv,cvv{Lvv+vv9QGJGyvv"vv}vv9PL,Kvv>R*vv9OIE!vvAvv9LG}Svv}vvOI<vv+#
2,6-4,2p,GC8?S"(*9

k
.

(14)Oil and Gas Journal Energy Database (Tulsa, Okla: International Energy Statistic Source

Book, 1994).

(15)S. J. Vankauwenbergh, Futures Changes in the World Supply of Phosphate Rock and Potential

Impact on the Global Manufacture of Fertilizer (Washington, DC: [n. pb.]: 1994).
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svvz
q
vvZvvBG:SvvAvvDvv}vv9QGJG \vv9pvv+vv?pvv,Csvv9y+~GyvvOhdGyvv"vv9|vv+vv?!vvdvvQG

k
yvvgvvOeCQ<vvJvv+vvAvv%vv9pvv,E!vvAvv9L

G}Svvv}vvvOI,pvvvgvvv̂Svvv=vvv+vvv{GCDvvv9d*vvvAvvvavvvzvvv>E!vvvAvvv9L_vvv#hGIvvvO|vvv#C|vvv(!vvv+9Gy+(Q*vvv9G@vvvO*vvvOIpvvv,
|vvZvv"vvhFvvO*vvOsvvQG<vv?150Oh:QG

k
|vvtvv9<vv{95Oh:QG

k
<vv9CAvv(Svvbfvv9e1993.vvvPyvvxGAvv9d

<v9yv"vTv=v?E]G:SvAvDv}v9Qpv,|vWv9Q*vhE!vAv9LO*v9C|v(!v+9Gyvqv(Svqv9J(DAP)GyvAv,*vAvavzv>E!vAv9L
Gyvvvavvv#Gyvvv(GIvvvOsvvvQG<vvv?250Oh:QG

k
|vvvtvvv9<vvv{129Oh:QG

k
<vvv9CAvvv(Svvvbfvvv9e1993,E:Cf

|vvgvvdvv~GyvvAvv(Svvgvv9Jpvv,G:SvvAvvDvv}vv9QGJIvvOCvvBpvv,G}svvavv9QGyvv"vv9|vv+vv?Ivv+vvEoGAvv9Fvv?|vv9Svv?yvv%vv9
hGA(GpR|A(GpQIFRF+9

k
.

$vv"vv9cGIvvAvv}vv9:fGCvv"vv9f|vvTvvAvvtvv=vv;
k

,*vvAvv}vvDvv{G}hd|vv"vv%vv}vv9<vvwvv(f|vvgvvdvv~Gyvvavvzvv>Gyvv"vv9|vv,
yvv~Svv}vvOIGCAvv(svvhSvv+vvJvvOKpvv,GyvvOhdGyvv"vv9|vv+vv?,h<vvMvv9Yvv?pvv,Gyvv%vv"vvOhGyvvZvv_,pvv{f|vvDvv{
$vvvPgGyvvvOhdSvvv(a@vvvTvvvAvvv}vvvQpvvv,G:SvvvAvvvDvvv}vvv9Qpvvv,E!vvvAvvv9LG}Svvv}vvvOI6vvvOa@vvvz|vvv_Gyvvvavvvzvvv=vvv9J
GCJvvz+?yvv%vv96vvOa;vvtvv+vvuG}|vv#GyvvjvvPGFvv,pvv+vv%vv9vvv}vv9pvvgvvzvvBpvv,GyvvqvvAvvQGJGyvvTvv9<vvtvv?,ChsvvO
@vvvtvvv+vvv~$vvvPgGyvvvOhdVvvvQGvvvv?|vvvhGyvvvOhdGyvvvjvvv"vvv+vvv?pvvv,ivvvQHBSvvv+vvv9hVvvv}vvv9dCpvvvQ*vvvtvvv+vvv9.h*vvvAvvv}vvvDvvv{
G:IvvAvv}vv9dGyvvDvv9P<vv9yvvQCjGyvvtvv9Fvv{EfYvv"vv9fvv?G}Svv}vvOI@vvTvv+vvQhpvvu|vvqvv%vv(eGyvvavvzvv>*vvQVvvO
GyvvZvv"vv9fvv?(Demand - Led Industry)vvv(fGyvvavvzvv>|vvQ@vv=vvavv9

k
<vv9yvvgvvQVGCAvv(GpvvQh<vvMvv9Yvv?<vvgvvO

GSvvAvvMvvOGeG}Svv}vvOIpvv,GyvvOhdGyvvAvv,Cfvv9OJ@vv"vvdvv+vv~GsvvAvvZvv9O$vv9,pvv}vv#GCJvvAvv}vv{Cf@vvQ@vvqvvh
CSg9QG}S}OI<J+E@]}#G:SAD}9QGJG@O*OIp+%9.

QG<g9
k

:GyT+9S9JGy;R|?:SA}QGQ*?fQVhGSAMOG|9JG}S}OI

$v"v9cSv+v9Sv9JfvO*vOI@v|CvQpv,fv}vz+9J@v"vdv+v~E!vAv9LhGSvAv%v;cG}Sv}vOI,E:Cf
GyT+9S9JGyA,S"WQI%9y%9G}CQG}S9S,p,$PgGyg}z+9Jh$,:

1vvvvvS+9S?G:sAZ9OGyw\
:*vvAvv(svvrGyvv"vv}vv(pvv,v

o
vv{
q

|vv#GSvvAvvMvvOG|vv9JG}Svv}vvOIfvv̂fvv(G|vv{G:svvAvvZvv9OG@vvRFvv,,
vvv9}Svvgvv9QhGyvvAvvTvv(*vvuh@vv(GpvvQGyvvAvv}vv(*vv{hivv+vvQ$vv9,hE!vvv}vv9fvv̂Cvv=vv9Jfvv(G|vv{G:svvAvvZvv9OGyvvwvv\
|vvDvv{:|vvgvvO:JGyvvZvvQa,|vvOi@vv(GpvvQGyvvgvv}vv;JGyvvZvvgvv=vv?,\vvjvv(WGyvvAvv]vvMvv~hCSvv(Gb
GC9d.h|vv#$vvPgGyvvgvv(G|vv{*vvgvvAvv=vvQCvv=vv9J|vvgvvO:JYvvQaGyvvgvv}vv;JG}vvvDvvQ@vvzCvv+vvQG

k
,Ivv+vvEo

@v(\vKLv=vQGJGyvgvO*vO|v#GyvOhdGyv"v9|v+v?hGyvOhdGyvAv,Cfv9OJEYv;M!vdv}v%v9G:svAvZv9O*v?
|vvDvv{Gyvv=vvQGR*vv{hGCwvvTvv+vvxh<vv(yvv"vvOGhQhSvv+vv9h@vvQvvv+vv9hRG|vv=vv+vv9,CfGyvvAvvMvvqvv+vv̂GyvvTvvQ*vvhyvvtvv+vv}vv?
Gyvvvgvvv}vvv;JGCJvvvz+?*vvvtvvv(OE]@vvvtvvvz+[E!vvvAvvv9LhGSvvvAvvvMvvvOGeG}Svvv}vvvOI.h|vvvhCf<vvvqvvv+vvv̂svvv+vvv}vvv?
Gyvvgvv}vv;JGCJvvz+?*vvR*vvOGAvv(GpvvRyvvAvvWvvGvv+vvhG}Svv}vvOI,E:C!qvv&Mvvqvv̂G:SvvAvvgvv}vv9:JGCJvvz+?
fvv#_vvQ*vvuQpvvhCSvvgvv9QG}Svv}vvOIGCJvvz+?hGCTvvAvv(QOI,h<vv9yvvAvv9[*vv"vvMvvqvv̂G !vvAvv9LGCJvv\.
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hCvvDvQ|v#Pyvx@v|CvQR*v9OI@vwv9y+rGC(GOG}hy+?hGyvAvGv%v+vRGJfv̂E!vAv9LG}Sv}vOI<vWvwv{
fvwvTv,.hyvAv;pv,$vPgGyv%vRGJhBCv9Q$v9fv̂G:svAvZv9OGyvwv\:<ovOv|v#h\vh|v9*vavzvufvz+&
<W=w9JG}|9f(Safety Nets)C"hG:8+9Qp,CS(GbG}S}OI.

2vvvvvS+9S?GyATg+Q
<vvvgvvvO@vvv(\vvv+vvvKpvvvgvvv9y+?fvvv(G|vvv{G:svvvAvvvZvvv9OGyvvvwvvv\,*vvv}vvvwvvv#Gyvvvtvvv(dEfSvvv+vvv9Svvv?@vvvTvvvgvvv+vvvQ

G}Svvv}vvvOI@vvv|OjOhQG
k

Ivvv9Svvv}vvv9
k
pvvv,!vvv}vvv(|vvv"vvvGvvvRGJsvvvavvv9YG}Svvv}vvvOI;pvvvzh:

k
@vvv|CvvvQCSvvvgvvv9Q

G}Sv}vOIfv̂@v"vqv+vPfv}vz+9JE!vAv9LhGSvAvMvOGeG}Sv}vOI,pv9}Svgv9QGyvgv9C+v?@vDv=vbGCRGQfv_
fv#GSvAvMvOGeG}Sv}vOIpv,Iv_G!vMvqv9VCSvgv9Q$v9*vWvGvgv%v~fv̂GSvAvMvOGeGCR*vO|v"v%v9|v9
*vvtvv(OE]@vvzvv(KGyvv=vv+vv8vv?.|vv#Fvv%vv?CLvvQi@vv"vvWvvbCSvvgvv9QG}Svv}vvOIGyvvgvv9C+vv?fvv}vvz+?E!vvAvv9Fvv%vv9
h@vTv9fvOfv̂@vtvO*v~|vtv9*v+vUhEFvQGAGJAv}v9*v?Gyv=v+v8v?,E:CfG!vMvqv9VCSvgv9Q$v9*vtv(OE]
@vvtvvz+[Ivv(GpvvRG !vvAvv9Lh<vv9yvvAvv9[E]Lvvqvv̂_vv9svv?GCgvv9|vv{vvv}vv9IvvZvv{pvv,C|vvQ*vvwvv9GyvvWvv}vv9y+?
hChQh<vv9GyvvjvvQ<vv+?pvv,|vv"vvAvvZvvrhBLvvQGyvvDvv}vv9!vv+"vv+vv9J.h$vvwvvPG@vvgvvAvv=vvQfvv}vvz+?@vvTvvgvv+vvQG}Svv}vvOI
GyvvAvvJvvOjG}vvv=vvQvvv(8vv9@vv|CvvQpvv,GC"vvAvvGvv_h|vvTvvAvvMvvO|vv,GyvvTvv}vv9O(GCRGQfvv_),h<vv9yvvAvv9[pvv,
GCGA}hf=Q@zC+QG@&p,GSAMOGeG}S}OIhp,E!A9LGyjPGA.

3vvvvvS+9S?GyA}(*{
*vvvAvvvgvvvQVYvvvjvvv9Qh|vvvAvvv(Svvvavvv(GCRGQfvvv_pvvv,|vvvgvvvdvvv~GyvvvOhdGyvvv"vvv9|vvv+vvv?E]Opvvvh|vvvgvvvdvvv~

@vvwvv9y+rE!vvAvv9Fvv%vv~<vvWvvwvv{!vvtvvOj.h!vvdvvQG
k

E]CfGC(GQOGC9y+?h<vvMvv9Yvv?Gyvv"vvtvvO*vv?\vvgvv+vvqvv?,
pvv{8vv~*vvgvv}vvOhfE]G:svvAvvQGV|vv#vvv=vv9Q|vvtvvQ\vv,G}|vv(GdyvvWvvQGAG}Svv}vvOIh|vvTvvAvvzvvR|vv9J
G !vvvAvvv9LG}LvvvQi.hLvvv;dfvvv}vvvz+9JG Yvvv;MG:svvvAvvvZvvv9Oj@vvvROGOGAvvv9Fvvv?E]QCSGC9d
G \vv9pvv,<vvTvv=vv>Lvvqvv̂svv+vv}vv?Gyvvgvv}vvzvv?GCJvvz+?hRhGdG fvv9!vv9JGyvvAvv,@vvR*vvOCSvvgvv9QVvvQGA
|vvTvvAvvzvvR|vv9JG !vvAvv9L<vvOhQ$vv9.h$vvwvvPG,pvv{fGyvvwvvDvv+vvQ|vv#GCRGQfvv_*vvgvvAvv=vvQhf@vv(GpvvQQCS
GC9dCvv=vQIvO

u
yv5!vAv9LGyvRQGfv,<vWvwv{fv9eh:SvAvMvOGeG}Sv}vOI<vWvwv{Lv9U.E\v9pv?

E]@vvz|vv_GyvvtvvQhVyvvzvv}vvRGQfvv_yvvWvvQGAG}Svv}vvOIh|vvTvvAvvzvvR|vv9JG !vvAvv9LG}LvvQi,Kvv>
G<
q
vvv9PG FvvvQGAGJyvvv]vvv}vvv9fGyvvvQCSvvv}vvv9dGC"vvv9Svvv>yvvvAvvvGvvv9QG}Svvv}vvvOIGyvvvP*vvv#Svvv+vvv|OhfOhQG

k

|vvAvvRG*vvOG
k

h|vv%vv}vv9
k
pvv,CSvv(GbGyvvAvvTvv}vv+vvOhGyvvAvv(R*vvhGyvvAvv,SvvAvvAvv=vvh<vv9yvvtvvavv9YGBvv9Upvv,GyvvOhd

Gy"9|+?hOhdG Y;MG:sAZ9Oj.

4vvvvvS+9S?GyAT(*u
@vvvgvvvAvvv=vvvQvvvv{|vvv#Gyvvvwvvvqvvv9AIGyvvvAvvvTvvv(*vvvtvvv+vvv?h@vvvQ@vvv+=vvv9JGyvvvAvvv(R*vvvhCSvvv9Svvv+vvv?yvvvAvvvJvvvTvvv_vvvvqvvv9AI

GSvvvvvAvvvvvMvvvvvOGeG}Svvvvv}vvvvvOIhfvvvvvQ\vvvvv%vvvvv9vvvvvv,@vvvvvZvvvvv{G}Svvvvv}vvvvvOIE]GCRGQfvvvvv_,fvvvvv=vvvvvQGyvvvvvtvvvvv"vvvvv(GJ
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GyvvvAvvvTvvv(*vvvtvvv+vvv?,pvvv,Gyvvv(svvvBGC"vvv9Svvv>h<vvv9yvvvwvvv}vvv+vvv9JhGyvvv"vvv(fvvv+vvv9JhG}Svvvgvvv9QGC"vvv9Svvv=vvv?C*vvv]vvv9
k
.

h<v9yvgvwvU,EffvOe@v(pv+vQGyvwv}v+v9JGC"v9Sv=v?hhYv(yv%v9E]GCRGQfv_<vjv+vQChsv97v9*vgv(b
fv}vz+9JGSvAvMvOGeG}Sv}vOIpv,GyvwvDv+vQ|v#Gyv=vzvOGfGyv"v9|v+v?.h!vdvQG

k
E]CfG:SvAvqv9OIGCDv̂

yvv~Svv}vvOI;vvZvv{EPG@vv~qh\vvgvv%vv9pvv,Gyvv(svvBGCJvvOOyvv%vv9,pvv{fCj@vvzLvv+vvQyvv(Yvv(yvv%vv9*vv|Oj
E]Qpvv]vv%vv9|vv#svv=vv{GCRGQfvv_,|vv9*vvtvv(OE]Lvvqvv̂Gyvvavvzvv>fvvz+%vv9h<vv9yvvAvv9[*vv"vvgvvwvvUpvv,
@tz+[E!A9LGyjPGA.

h@vvvv=vvvvQ$vvvv#GyvvvvAvvvvGvvvv9QHGyvvvvgvvvv}vvvvz+?<vvvvzf|vvvv|SvvvvTvvvv9JGyvvvvtvvvvavvvv9YGyvvvvgvvvv9ehEOGQGJGCWvvvv9Q*vvvvh
GAvvwvv(|vv+vv?Csvv{pvvgvv9y+?pvv,;vvtvv+vvuGyvvwvvqvv9AIGyvvAvvTvv(*vvtvv+vv?|vv#|vvWvv9Q*vvhGyvvtvvavv9YGBvv9U,}8vv9
@vvgvv}vv{\vv}vv#|vv+vvRG!vv+?IvvOOIh<vvTvvzvvavv?IvvOOIhivv+vvQ|vvTvvAvvtvvzvv?GyvvtvvQGQ,<vv{ivv9yvv=vv9

k
|vv9<vv]vvh

ytQGQGJS+9S+?(16),$PGGy(\h*t(OE]_QMGyT|GdGyA9[:

v+r*}w#LZMZ?Gyta9YGC}z(cyzOhy?hEOGQIC!d}?GyAT(*uhGyA(R*h?

*vtv(dG:LvAvZv9Yv+v(fGyvgv9|vzv(fpv,$vPGGCGv9d<v(Fv(OGIvAv}v9:JfvO*vOI,E:C!v"v9
Svv"vv"vv9svvXGCvv"vv_|vv"vv%vv9vvv(8vv}vv9*vvgvv9@vv9fvvv+vvqvv+vv?LvvQhLGC|SvvTvv9JGAvvwvv(|vv+vv?|vv#fvv}vvz+9J
GyvvAvvTvv(*vvuhGyvvAvv(R*vvh,hOLvv(dGyvv(vvv9:JGBvv9Yvv?GyvvAvv9<vvgvv?yvvzvvtvvavv9YGBvv9UEy+%vv}vv9.*vvTvv}qvv,
G:LvvvvvAvvvvvZvvvvv9Yvvvvv+vvvvv(fG:IvvvvAvvvv}vvvv9dG}hd,(Big-Bang)h@vvvvvtvvvvv(efvvvvv̂G:!vvvvvTvvvvvJvvvvv9HGyvvvvvTvvvvvQ*vvvvvh
yvzv}v|SvTv9JGAvwv(|v+v?|v#Gyv"vWv9_v9JGyvAvTv(*vtv+v?hGyvAv(R*vgv+v?y+Av(]C|vQ$v9Gyvtvav9YGBv9U
GyPj*g}{f^@a(*QC!d}?GyAT(*uGAQI.

C|vv9G:IvAv}v9dGyvDv9P,GBvvavv(ILvvavv(Ipvv+vvtvv(efvv̂GyvvAvvOQLpvv,G:!vvTvvJvv9HGAvvwvv(|vv,
!vvdvvQG

k
E]Cf@vvavv(*vvQGC%vv9QGJG OGQ*vv?hEsvv9|vv?Gyvv=vv"vv+vv9JGyvvAvvJvvAvv+vv?ivv9yvv=vv9

k
|vv9;vvAvv9LE]hsvvB

yvvvAvvv"vvvqvvv+vvvP$vvv9.pvvv,Ivvv9yvvv?LvvvQhLGC|SvvvTvvv9JGAvvvwvvv(|vvv+vvv?|vvv#G}Svvv(Gb|vvv#Ohf;vvvtvvv+vvvu$vvvPg
GC%vvv9QGJhGyvvv=vvv"vvv+vvv9JGyvvvAvvvJvvvAvvv+vvv?,pvvv+vvv}vvvwvvv#Cf@vvv"vvv%vvv9QCSvvv(GbG}Svvv}vvvOIvvvvz+?h<vvv9yvvvAvvv9[@vvv"vvv%vvv9Q
fv}vz+9JGSvAvMvOGeG}Sv}vOIhE!vAv9Fv%v9,hsvOLvAv9LG}|vQE]Sv"v_fvO*vOI fv9O7v9E]|v9
v9!Bfz+&.

$vvvPGhsvvvOG@vvv=vvvgvvvBG:IvvvAvvv}vvv9dGyvvvDvvv9PGyvvvAvvvOQKvvv,v
o
vvv{
q

|vvv#GyvvvZvvv_h<vvv"vvvjvvv;OT,Ivvv+vvvEo

G@vv=vvgvvAvv9!vvdvv9eGBvvavv(ILvvavv(Ipvv,G:!vvAvvtvv9d|vv#Gyvvtvvavv9YGAvvwvv(|vv,E]GBvvZvvMvvZvv?pvv,@vv"vvdvv+vv~
CSvv(GbG}Svv}vvOIh@vv(R*vvgvv%vv9,Ivv+vvEoLvvZvvMvvZvvBCh:

k
CSvv(GbGyvvAvvGvvRFvv?C

o
vv~qCSvv(GbG@vv}vvzvv?

(16)J. Nellis, «Privatization in Reforming Socialist Economies,» in: A. Boehm and V. G.

Kreacie, eds., Privatization in Eastern Europe: Current Implementation Issues (Ljubljana, Slovenia:

International Center for Public Enterprises in Developing Countries, 1991).
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C

o
vv~qfvv}vvz+9JGSvvAvv+vvQGOG}Svv}vvOI.h_vv(QJLvv;dv

o
vv{
q

Lvvavv(IGC%vv9QGJG OGQ*vv?Gyvv;R|vv?,
vv}v9C

o
!vWv8vBGyv=v"v+v9JGyvAvJvAv+v?hGC|SvTv9JGBv9Yv?6v9C*v]v9

k
.hsvOEvBfv}vz+9JG Yv;M

$vvPg<vv]vvjvv(W|vv#G}Svvqvv{E]G}fvv̂,hGIvvAvv9FvvBE]13Svv"vv?svv=vv{LvvZvvMvvZvv?fvv}vvz+9J
GSA+QGOG}S}OI.

5vvvvvS+9S?@"d+~:9QIG}S}OI
<v9yvQiv~|v#Cf

q
GyvOhdGyv"v9|v+v?,vv}vGv}v(fv?,iv+vQ|vwvAvqv+v?PG@v+9

k
pv,E!vAv9LG}Sv}vOI,

E:CfOQFvv?G:vvvAvvqvv9AGyvvPGO<vv+#Csvvavv9Q$vv9hCsvv9y+}vv%vv9|vvAvv=vv9*vv"vv?FvvOG
k
.|vvDvv;

k
@vvgvvAvv=vvQC|vvQ*vvwvv9

Gyv(Svav)hivQHBSv+v9|vZvOQ*v#CSv9Sv+v_yv~Sv}vOIG}Rh@v+?;hCpvQ*vtv+v9GyvWv}v9y+?|vZvOQ
CSv9Sv,yv~Sv}vOIGyvqv(Svqv9@v+?;|v#Fv%v?CLvQi@vgvAv=vQCsv9y+~VvQbBSv+v9hC|vQ*vwv9G@v"v(<v+?
hFvv"vv(HBSvv+vv9hGyvvZvvJvvQGAG}pvvQ*vvtvv+vv?|vvTvvAvv(QOICSvv9Svv+vv?yvvzvvgvv"vv9YvvQGyvvTvv}vv9O*vv?GyvvDvv;Cvv?.fvv̂
|vvvTvvvAvvv(iGyvvvOhd@vvvgvvvAvvv=vvvQvvvv{

q
|vvv#E!vvvOh!vvv+Tvvv+vvv9hGyvvvgvvvQGbhGyvvvwvvv(*vvvBhGCwvvvTvvv+vvvxhGyvvvTvvvgvvv(O*vvv?

h@vvvvvQ*vvvvv"vvvvv+vvvvvOGOh@vvvvv(<vvvvv9ivvvvv(,Oh:
k
|vvvvvZvvvvvOQIQFvvvvv+vvvvvTvvvvv?yvvvvv~RhJ;hv

o
vvvvv{
q

|vvvvv#G}QOfhGCjvvvvvQH
hGyvvTvv+"+vvjvv9dh@vv(!vvUOh:

k
|vvZvvOQIQFvv+vvTvv?yvvzvvqvv(Svvqvv(Q.vvv}vv9Ef

v
$vv"vv9cOh:

k
!vv9|vv+vv?,fvvOG

G}QOf,yvvO9vv9GyvvtvvOQIfvv̂@vvZvvO*vvQGyvv=vv(@vv9S.pvv,Hvv9dG:SvvAvv+vvQGO@vvgvvAvv=vvQv
o
vv{
q

|vv#Gyvv=vvQGR*vv{
hGyZ_hGy%"Oh|9y+R*9h@Qv+9Oh:

k
|TA(QOIQF+T?.

h<vv9yvvQivv~|vv#G:fvvAvv}vv9OGyvvwvv\fvv̂G:SvvAvv+vvQGO,pvv{f|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?h\vvgvvB
svv(GfvvO@vv"vvdvv+vv~Svv+vv9Svv?:vv9QIG}Svv}vvOIhSvv}vvJvvB<vvJvvQ*vv?IvvOhOIyvvzvvtvv+vv9e6vv9pvv,Gyvvgvvtvv(O
GC9\vvv+vvv?.IvvvO*vvvDvvv9

k
CLvvvPJ<vvvgvvv̂GyvvvOhd<vvv}vvv9pvvv+vvv%vvv9Gyvvv=vvvQGR*vvv{hGCwvvvTvvv+vvvxh@vvvQvvvv+vvv9hvvvv+"+vvv9

hpvv"vvRh*vv;,<vv{fvv9OI@vv"vvdvv+vv~:vv9QIhE!vvAvv9LG}Svv}vvOI,vvv}vv9Ef
v

Gyvv%vv"vvOCyvvjvvBfvv}vvz+?GIvvAvvwvv9Q
:9QIG}S}OIhCf9OJ@"d+~GSA+QGOG}S}OIGyq(Sq9@+?hGy=(@9S+?.

ytOGQ@=aBS+9S?@"d+~:9QIG}S}OIp,GC9\,<g9|z+#GC"_G9:

Cvvvvv@D=+B|gOdGyZQaGyQS},|h!t[p,GytahG}F"=,.

Hvvvvv>vv9*vv?|vv"vvAvvGvv,G}Svv}vvOIGCJvvz+_hGCRGQfvv_|vv#GyvvAvvavv(QGJGCqvv9Fvv8vv?yvv~Svvgvv9Q
Gyg9C+?.

hpvvv,Svvv=vvv+vvv{;vvvtvvv+vvvuSvvv+vvv9Svvv?vvvv%vvvPg,C!vvvWvvvzJ|vvvgvvvdvvv~Ivvvwvvv(|vvv9JGyvvvOhdGyvvv"vvv9|vvv+vvv?
|vvvv|SvvvvTvvvv9JChVvvvvQvvvvv9J,vvvvv}vvvv|SvvvvTvvvv?:vvvv9QIGCgvvvv9Ofpvvvv,Gyvvvv%vvvv"vvvvO(Mineral and Metal

Trading Corporation)h|vv|SvvTvv?Svv+"(Vvv+vv~(Sinochem)pvv,GyvvZvv_hivv+vvQGvv9,pvv,Ivv_
<vvvtvvv+vvvB:vvv9QIG}Svvv}vvvOI|vvv#|vvvTvvv|hy+?hRGQGJGyvvvRQGfvvv?pvvv,Ohd!vvv9|vvv+vvv?CLvvvQi|vvvDvvv{ivvv9!vvv9
h!+G+Q*9.
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hGyvTv|GdGCavQhMG6f:$v{Kv>fv̂GyvOhdGyv"v9|v+v?@vav=v+vuSv+v9Sv?GyvAvGv9QIGAvQI
p,G}S}OI?

<vvWvvwvv{fvv9e$vv"vv9cQivv=vv?fvv̂GCOiGyvv=vvgvv+vvOpvv,GyvvAvvJvvQc!vvJvv(GyvvAvvGvv9QIGAvvQIvvv(8vv9
@vTv9fvOpv,;vTv_Gyvwvqv9AIG !vAv9Fv+v?h@v"v(YLv+v9QGJGyvAvwv"v(yv(Fv+v9JhGC"vAvGv9J.h@vAv}vDv{
Gyvvqvv9FvvOIG}Svv9Svv+vv?pvv,Svv+vv9Svv?vvv%vvPgpvv,@vvtvvz+[G fvv9!vv9JGyvvAvv,\vv}qvvBGyvvgvv(G|vv{ivv+vvQ
Gyvqvgv9yv?.fv̂v

o
v{
q

Iv9d,pv{fCh\v9YG}Sv(GbGyvgv9C+v?GCAvtvzv=v?hGyvqvAvQGJGyvav(*vzv?Gyv;R|v?
yvv;SvvAvvDvv}vv9Qh<vv"vv9AGyvvavv9svv9JhSvv+vv9Svv9JGyvvAvvGvv9QIGAvvQIGyvvwvv9|vvzvv?,@vv|OjE]!vvtvv{GyvvZvvO|vv9J
hGyv%vRGJGyvAv,;vOKpv,G}Sv(GbGyvgv9C+v?E]CSv(GbG}Sv}vOIGCJvz+?Fv9yv=v?|vgv%v9fvOe
\v}v9fE!vAv9LGyvjvPGA,h<v9yvAv9[@vWvwv{Lvav(QIfv̂G}|v#GyvjvPGFv,hfv̂GyvAv"v}v+v?GyvRQGfv+v?
GCTAOG|?.

6vvvvvF(G:SAD}9QGJhGA(GpRGAw(|+?
EvvvDvvv{Yvvv"vvv9fvvv?G}Svvv}vvvOI!vvv(fvvv_|vvv#GAvvv(GpvvvRGvvv9:Ivvv9pvvvRQCSGC9dhIvvv9pvvvRGyvvvtvvvavvvh

G}Fv"v=v,.pv{sv9|v?|vZv"vhvv=v+vQ !vAv9LG}|v(!v+9hGy+(Q*v9*vAvavzv>GSvAvDv}v9QGJQCSv}v9y+?@vtvh
<v+#300vvvvv600|vz+(fOh:Q<vJvTv>|v(svhGCWvQhY.h!vdvQG

k
E]GCAvavzv=v9JGyvQCSv}v9y+?

Gyvwv=v+vQIhyvav=v+vgv?GBvav(QIpv,G:SvAvDv}v9QGJhGAvGv~G:svAvZv9OjGyvwv=v+vQ,D*v(FvOSv(i
fvvvOOIvvvOhO|vvv#GyvvvWvvvQvvvv9JGyvvvAvvv,GSvvvAvvvDvvv}vvvQJpvvv,E!vvvAvvv9LG}Svvv}vvvOIpvvv,fvvvtvvvOjGyvvvTvvvAvvv+"+vvv9J
hGyvvTvv=vvgvv+"+vv9J.pvvtvvOC!vvWvvzGyvvgvvO*vvO|vv#Ivvwvv(|vv9JGyvvOhdGyvv"vv9|vv+vv?|vv|SvvTvv9Jyvvzvvtvvavv9YGyvvgvv9e
yvv;SvvAvvDvv}vv9Qpvv,E!vvAvv9LG}Svv}vvOI.yvvtvvOvvv9f|vvgvvdvv~E!vvAvv9LG}Svv}vvOIpvv,v
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vv{
q

|vv#Gyvv=vvQGR*vv{
hGCwvTv+vxh@vQvv+v9hGyv=v9vvTvAv9fhpv"vRh*v;,|v"vdv}v9

k
pv,|vWv9Q*vhE!vAv9Fv+v?Fvzv(vv?yvzvOhyv?,pv,

Ivv_CVvvQaGyvvtvvavv9YGyvvgvv9efvv̂E!vvAvv9LG}Svv}vvOIpvv,v
o
vv{
q

|vv#<vv"vvjvv;OThGyvvZvv_h|vvZvvQ
hE!vvOh!vv+Tvv+vv9h|vv9y+R*vv9hGCjvvQHh!vv+Gvv+vvQ*vv9hGyvvTvvgvv(O*vv?h@vv(!vvUhGyvvTvv+"+vvjvv9d.C|vv9Gyvv%vv"vvOpvvtvvO
CVvvQafvv̂E!vvAvv9LG}Svv}vvOICvv;Cvv?svvavv9fvv9J$vv,:Gyvvgvv9ehGBvv9UhGyvvAvvgvv9hP,vvv}vv9E8vv9
Cs9|B|W9Q*hY"9f+?S}9O*?|WAQv?|hOhd!9|+?CLQi.

|vvTvvAvvtvv=vv;
k

Svv+vv|OjGyvvtvvavv9YGBvv9UOhQG
k

|vvAvvRG*vvOG
k
pvv,|vvzvvwvv+vv?hEOGQI|vvWvv9Q*vvhE!vvAvv9L

G}Sv}vOI,h<v9yvAv9[Kv>fv̂Ivwv(|v9JGyvOhdGyv"v9|v+v?@vwv(*v#h<v"v9ASv+v9Sv9J<v+8v+v?|vgv+"?
@WQcGyta9YGB9Up+%9h@W}{Gy"t9WGyA9y+?:

CvvvvvKvv>Cf@vv(pvvQGAvvwvv(|vv9JGyvvtvvavvhG}Fvv"vv=vv,GC"vv9Svv>pvv,Gyvv(svvBGC"vv9Svv><vvJvv+vvE
*TAa+hGCTAD}QFz>Cp]{GyAG%+RGJhGyAt"+9JGB9Y?<{!A9LG}S}OI.

HvvvvvEPGSvv9$vv~Gyvvtvvavv9fvv9fGyvvgvv9ehGBvv9Upvv,E!vvAvv9LG}Svv}vvOI,pvv+vvGvv>fvv̂GyvvOhyvv?
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|vvvgvvv9|vvvzvvvAvvv%vvv}vvv9<vvv9}Svvvzvvv(H!vvvqvvvTvvv&|vvv#Ivvv+vvvEoGyvvvAvvvTvvv%vvv+vvv;JhGC}vvv+vvvRGJh_vvvQbGyvvvAvvvgvvv9|vvv{|vvvh
GCRGQf_.

Lvvvvv6vvOa@vvWvvGvv+vvhG:SvvAvvDvv}vv9QKvv>fvv̂GyvvOhyvv?@vvtvvO*vv~GAvv(GpvvRyvvzvv}vvTvvAvvDvv}vvQ*vv#fvv#
_Q*uQphGy]QGF>hEfa9AGytQhVG:SAD}9Q*?hi+QPyx.

OvvvvvK>f^GyOhy?\}9f@(p+QGyj9RGya=+g,hGC(GOG}hy+?G}LQi.

$vvvvvvvvKv>fv̂GyvOhyv?@v"vdv+v~hEOGQISv+v9Sv?GyvAvGv9QI<vavQ*vtv?:<vzvu|vgv%v9|vWvwv;J
ivvv+vvvQ\vvvQhQ*vvv?yvvvZvvv"vvv9fvvv?G}Svvv}vvvOI,vvvv}vvv9IvvvOKpvvv,Gyvvv%vvv"vvvO,CjKvvv>Cf@vvvAvvvJvvvQQGyvvvAvvvGvvv9QI
@OQK+9

k
,<J+E@A}w#GyZ"9f?GCJz+?|#7+8?PG79C(GF%?GC"9pT9JGB9QF+?.

hvvvvv\vQhQI@vgvR*vRGyvOhyv?yvzv}v"v9pvTv?Gyv"vdv+vqv?<v+#GC"vAvGv_hPyvx<v}v"vhGyvAv(G_v|pv,
|9<+"%~hh\hs(G!+#GCQGs=?.

RvvvvvfvOepvQVGyvOhyv?Gyv]vQGFv>ChGyvAvgvQ*vqv9JG@v}vQvv+v?fv̂GSvAv+vQGOsvavhGyvjv+v9Q
hGC(GOGB9e.

MvvvvvfvvvOe|vvvQGsvvv=vvv?GyvvvOhyvvv?}Svvv(GbhCSvvvgvvv9QG}Svvv}vvvOI}fpvvvgvvv{Pyvvvx*vvvgvvv+vvvupvvvgvvv9y+?
G !A9L.

WvvvvvKv>fv̂GyvOhyv?@v(pv+vQGyvOfv~yvzv=vJvEGyvgvzv}v,pv,Hv9:JG}Sv}vOIh@vTv%v+v{
fvv}vvz+9J@vvavv(*vvQh!vvtvv{GyvvAvvwvv"vv(yvv(Fvv+vv9,<vvJvv+vvE@vvTvvAvvavv+vvhYvv"vv9fvv?G}Svv}vvOIG:SvvAvvqvv9OI|vv#
GyAt"+9JGAO*D?p,G !A9Lh>9*?Gy=+8?.

jvvvvv!vvdvvQG
k

E]vvv(fYvv"vv9fvv?G}Svv}vvOIfvv}vv;
k
|vv%vv}vv9

k
h*vvAvvavvzvv>QCSvv}vv9:

k
vvv=vv+vvQG

k
,Kvv>

@vvv(pvvv+vvvQGyvvvAvvv}vvv(*vvv{GC"vvv9Svvv>yvvv;SvvvAvvvDvvv}vvv9QhYvvv+vvv9!vvv?h:vvvO*vvvOGCZvvv9!vvvh.C|vvv9pvvv,GyvvvOhdPGJ
G}Svvv(GbGC9y+?ivvv+vvvQGCAvvvavvv(QIFvvv+vvvOG

k
hPGJGyvvvQsvvv9<vvv?GAvvvwvvv(|vvv+vvv?fvvv̂GC|SvvvTvvv9JGC9y+?,

p+G><PdG@%(OyAz|_GC9dGC"9S>y%PgGyZ"9f?.

L9|T9

k
:GytzuGy=+8,

pvv,\vv(A|vv9@vvtvvOe,!vvzvv}vvUG}Gvv+vv?Gyvvwvv=vv+vvQIyvvgvv}vvz+?E!vvAvv9Lh@vvTvv(*vvuhGSvvAvvMvvOGe
G}Sv}vOIpv,Gyvgv}vz+?G !vAv9Fv+v?GyvRQGfv+v?h<v9yvAv9[GSvAvOG|v?GyvAv"v}v+v?GyvRQGfv+v?h<vMv9Yv?pv,
GyvOhdGyv"v9|v+v?.EP|v#OhfGSvAvMvOGe$vPgG}Sv}vOI*vZvgv>;vtv+vuG}|v#GyvjvPGFv,yv%vPg
GyvvOhd|vvhG}fvvOGOGCAvvRG*vvOI|vv"vv%vv9,vvv}vv9h\qvvJvv"vv9Pyvvxpvv,|vvtvvO|vv?GyvvqvvZvv{,E:Cf

q
$vvPg

G}Sv}vOI<vWvwv{fv9e,hG}Rh@v+?|v"v%v9<vWvwv{Lv9U,|v9RGyvBpv,|vQvvRGyv"vtv9T<v+#
GC|*qvvvvO*vvvv#hGCgvvvv9Q\vvvv_:SvvvvAvvvvMvvvvOG|vvvv%vvvv9vvvvvgvvvv"vvvvZvvvvQCSvvvv9Svvvv,yvvvvR*vvvv9OIG !vvvvAvvvv9L;GC|*vvvvOhf
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:SvvvAvvvMvvvOG|vvv%vvv9Lvvv9hyvvv(fGyvvv=vvvQ$vvv"vvv?hGyvvvAvvvzvvvv+vvvOCf$vvvPGGyvvv"vvv(Y|vvv#GyvvvTvvv}vvv9OCSvvv9Svvv,yvvvR*vvv9OI
G !vAv9LGyvRQGfv,fv9|v?hGyvjvPGFv,<vMv9Yv?,EP;vAv9LEy+&GyvOhdGyv"v9|v+v?<vwv}v+v9J|vAvRG*vOI
h:*v}vwv#G:SvAvjv"v9Afv"v&.C|v9GCgv9Q\v(f:SvAvMvOGeGyvTv}v9OG}RhOpv+vJv9hyv(fECv=v9J
\vvvQQgyvvvzvvv=vvv+vvv8vvv?.|vvv#Gyvvv"vvv9Ivvv+vvv?Gyvvv(Gsvvvgvvv+vvv?$vvv"vvv9c|vvvjvvv9:Ipvvv,GyvvvQC*vvv_GCPvvvv(Q*vvv#,EPEf

v

GSvAvMvOGeG}Sv}vOI;vBEOGQIFv+vOI*vTv9$v~pv,R*v9OIE!vAv9LGyvjvPGAhpv,Lvqv̂@vO$v(Q
GC(GQOGyvvavv=vv+vvgvv+vv?h:Svv+vv}vv9|vv(QOG}QV,E:CfG:SvvAvvMvvOGeGyvvRGFvvOyvv~Svv}vvOI*vvTvv9$vv~
C*vvv]vvv9

k
pvvv,QVvvvKGyvvv"vvvAvvvQGJhG|vvvAvvvZvvv9UGyvvvwvvv9O|vvv+vvv(e|vvv#svvv=vvv{Gyvvv"vvv=vvv9JhG!vvvavvv;bivvv9RCvvv9P

ChvvvTvv+vvOGyvvwvvQ<vv(f|vv#Gyvv=vv+vv(JGyvvRFvv9Fvv+vv?.h|vvhPyvvxKvv>GyvvAvvWvvO*vvOfvv̂CfG}Svv}vvOI
y+TvBhIvO$v9Sv=v>GyvAvzv(K,EP*vgvRhGyvgvO*vO|v#Gyv=v9IvDv_pv,ChQh<v9GyvjvQ<v+?Sv=v>
GyvAvzv(KE]vvDv+vQ|v#GAv9:JE]G}Sv}vOIGyv=vzvO*v?(Gyvgv]v(*v?)(17).yvPyvxKv>Gyv"vdvQ
E]GC(\vv(Y|vv#Lvv;dGC+vvRG!vv+?Gyvvtvv9Fvvzvv?:zGCavvzvv(HGSvvAvvMvvOGeG}Svv}vvOIyvvAvvgvvdvv+vv~E!vvAvv9L
GyvvjvvPGAhIvvqvvehYvv+vv9!vv?GyvvAvvQ<vv?pvv,h\vvh|vv"vvAvvHSvvz+~,h@vvtvvz+[GyvvAvvzvv(KGyvv=vv+vv8vv,AvvOhOg
GyvvO!vv+9y.yvvtvvOE

q
vvB|vv"vv9svvWvv?G6Cvv9QG Kvv9<vv+?:SvvAvvMvvOGeG}Svv}vvOIpvv,R*vv9OIE!vvAvv9LGyvvjvvPGA

hBCvv9Q$vv9GyvvTvvzvv=vv+vv?fvv̂Gyvv=vv+vv8vv?pvv,GyvvqvvtvvQGJGyvvTvv9<vvtvv?,yvvwvv#!vvJvv9hdpvv,$vvPgGyvvqvvtvvQI<vv+9f
h|vvgvvQpvv?CSvv=vv9HG!vvgvvwvv9SG6Cvv9Qfvv̂Gyvv=vv+vv8vv?GCQ@vv=vvavv?<vv9SvvAvvgvv}vv9dGyvvTvv}vv9OhE!vvAvv9Fvv&hhSvv9Fvv{
|g9@A%9.

*vv}vvwvv#@vvtvvTvv+vv~G6Cvv9QGyvv=vv+vv8vv+vv?GCQ@vv=vvavv?<vv9}Svv}vvOIE]!vv(fvv_|vv#G6Cvv9Q:*vvQ@vv=vvbG}hd
|vv"vv%vv9<vv9SvvAvvMvvOGeG}Svv}vvOI,pvv,Ivv_*vvQ@vv=vvbGyvDv9P<vv{!vvAvv9LG}Svv}vvOI.hpvv,v

o
vv{
q

pvv8vv?*vv}vvwvv#
EQFvvv9YC!vvv(GYGyvvvAvvvzvvv(KE]|vvvZvvv9OQ$vvv9G}Yvvvz+q?GCJvvvOCvvv?yvvv%vvv9,pvvv}vvvgvvvdvvv~|vvvWvvv9vvvv{GyvvvAvvvzvvv(K
GCQ@vvv=vvvavvv?<vvv{!vvvAvvv9LG}Svvv}vvvOI;vvvOKpvvv,|vvvQGvvvvRG !vvvAvvv9Lh@vvvWvvv}vvv{GyvvvAvvvMvvvzvvv[|vvv#G@vvv=vvvU
Gyvqv(Svqv(QjhCv9PChvvTv+vOGyvwv=vQ*vBhChvvTv+vOGyv"vAvQGJhG:!v=vgv9KG@v+vQjhGC9AGCzv(K
GBv9QLfv#fv}vz+?G !vAv9L.h!vdvQG

k
E]IvOhKC!v(GYGyvAvzv(KGCPvv(QIsvQHGCgv}v{GC"vAvH

yvvzvvTvv}vv9OChpvv,OGLvvzvv&,*vv}vvwvv#|vvQGsvv=vv?fvv}vvz+?G !vvAvv9L<vvTvv%vv(yvv?.|vv#Fvv%vv?CLvvQi@vvQ@vv=vvb
fvv}vvz+Avv9QVvvKGyvv"vvAvvQGJ(Eutrophication)<vv9SvvAvvMvvOGeG}Svv}vvOIh@vvtvvgvv9f\vv}vv#pvv8vv?C!vv(GY
GyvvvAvvvzvvv(Kivvv+vvvQIvvvOOIGC(svvvh.hpvvv,$vvvPgGAvvv9:J*vvv"vvvqvvvZvvv{GCzvvv(Kfvvv#|vvv(\vvv(YGyvvvAvvvzvvv(K
h<v9yvAv9[pv}vWv9vv{GyvAvzv(KYvgv=v?GCQGsv=v?h*vZvgv>h\vhG FvQGAGJGyvgvtv9<v+?.fv̂Sv=v+v{
GCDvvv9dfvvv"vvvO|vvv9;vvv}vvv{G}Svvv}vvvOI<vvvgvvv+vvvOG

k
<vvv(GSvvvavvv?FvvvQ*vvv9fGC9ACh@vvvAvvv5vvvv{GyvvvAvvvQH,*vvv}vvvwvvv#Cf

@vvzvv(qKGyvv=vvJvv+vvQGJhG}8vv9Qh@vv"vv}vv(<vv9yvvAvv9[GyvvavvJvv9yvv>hG Vvv"vv+vv9J,h$vv"vv9*vvZvvgvv>;vvO*vvO

(17)D. Leuck [et al.], The EU Nitrate Directive and CAP Reform: Effects on Agricultural

Production, Trade, and Residual Soil Nitrogen, Foreign Agriculture Economic Report; no. 255

(Washington, DC: Economic Research Service, U. S. Department of Agriculture, 1995).
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|vTv|hy+?$vPGGyvAvzv(K<vTv=v>IvOhKGBvavQ<vgv+vOG
k

fv#|vwv9fCh|v(svhGyvAvzv(K,h<v9yvAv9[
:*}w#@a=+u|=OEGCz(K*Oph(Polluter Pays).

vvvPyvvx*vv}vvwvv#@vvzvv(K|vv+vv9gG6<vv9Q<vvgvv"vvZvvQG}RhJ|vv#GC9OIGyvvgvv]vv(*vv?vvv9yvv=vvtvv(y+9J
hG}Svvv}vvvOIGAvvv+vvv(G!vvv+?Ch|vvv#G}Svvv}vvvOIGyvvv;fvvv]vvv(*vvv?Ch|vvv#GC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?vvvv}vvvgvvv9Of
GyvvvAvvvQ<vvv?,hpvvv,Gyvvv(svvvB!vvvqvvvTvvv&|vvv#|vvv+vvv9gGyvvv=vvv;y+hhGyvvvZvvvQaGyvvvZvvvJvvv,hGC+vvv9gGyvvv"vvv9:vvv?fvvv#
GCgv9|v{Gyvwv+v}v+v9Fv+v?,h<v9yvAv9[pv%v"v9cYvgv(<v?vv=v+vQIpv,;vO*vO|vZvOQGyvAvzv(KGyv(Iv+vO|v#
OhfEFQGAGyAJ9y+{f^GyAQ<?hh\h!d9eL9Uyzt+9Shi+Q$9.

$vvvvPGh*vvvvQ@vvvv=vvvvbGyvvvvtvvvvzvvvvuGyvvvv=vvvv+vvvv8vvvv,<vvvv9SvvvvAvvvvMvvvvOGeGyvvvvgvvvv"vvvv9YvvvvQGyvvvvTvvvv}vvvv9O*vvvv?GyvvvvDvvvv;Cvvvv?G}RhJ
hGyvqv(Svqv(QhGyv=v(@v9Sv+v(e,pv}v#<v+#Gyvgv"v9YvQGyvTv}v9O*v?GCPvv(QID@vgvQaG6Cv9QGBv9Yv?
<vv9}Svv}vvOIGyvv=vv(@vv9Svv+vv?GC"vvgvvwvvTvv?fvv̂Gyvv=vv+vv8vv?,C|vv9!vv(fvv9GyvvTvv}vv9OG6LvvQGfCjGyvvqvv(Svvqvv9@vv+?
hG}Rh@+?,p+}w#CfLOC9BC9QG

k
@"gwUf^Gy=+8?p,I9y?fOeEOGQ7}9<Os?v9p+?.

|vDv;
k
*vtv(OhFv(O|vTvAv(*v9Jfv9y+?|v#Gyv"vAvQGJpv,|v+v9gGyvWvQHE]G \vQGQ<vZvJv?

G !vvTvv9fh<vvMvv9Yvv?G}_vvqvv9dGyvvQ\vvhGyvvP*vv#*vvWvvQ<vv(fGC9A\vv}vv#GyvvgvvZvv+vvQhGAvvz+>.hsvvO
LvvOKPyvvxIvv9:J|vvQ\vv+vv?!vv9OQI@vvTvv}vv)|vv+vvDvv+vv}vv(ivvzvv(<vv+}vv+vv9(Methemoglobemia)Ch<vv}vv9
*vvgvvQa<vv}vvQV<vvzvv(<vv+=vv,Svv+"OQhe(Blue-Baby Syndrome).yvvtvvOChYvvB|vv"vvdvv}vv?GyvvZvvJvv?
Gyvvgvv9C+vv?<vvzf|vvTvvAvv(iGyvv"vvAvvQGJpvv,|vv+vv9gGyvvWvvQHKvv>C:*vvR*vvOfvv#50|vv+vvzvvz+jvvQGepvv,v

o
vv{
q

yvvAvvQ|vv9A.vvv}vv9IvvPQJ$vv+vv8vv?>vv9*vv?Gyvv=vv+vv8vv?GyvvAvv9<vvgvv?yvvzvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hG:;vv9O
G}hQhN|vvv#|vvvTvvvAvvv(*vvv9JGyvvv"vvvAvvvQGJpvvv,GC9A,h\vvvQhQICLvvvPGyvvvtvvv+vvv9Svvv9JGyvvvZvvvJvvv+vvvJvvv?pvvv,
GC"9_uGyA,@Q@qhp+%9|TA(*9JGy"AQGJf#GAOhOGC(Y)69(18).

yvvvvtvvvvOC!vvvvWvvvvzG:;vvvv9OG}hQhN,<vvvvAvvvvWvvvvQ*vvvvhLvvvv9UYvvvvOQfvvvv9e1991,EOGQILvvvv9Yvvvv?
Cgvv9@vv?svv]vv+vv?Gyvv"vvAvvQGJhPyvvxfvv#_vvQ*vvu|vvQGsvv=vv?GyvvgvvQVGyvvZvv9pvv,yvv~RhJ(GyvvgvvQVvvvvv
Gyvwv}v+v?GC}vAvZv?)GyvPG$v>E]GyvAvQ<v?<vOAG

k
|v#fv9e1999(19).vvPyvxChYvBLvav?EOGQI

GyvTv}v9Opv,h:*v?|v+"(Sv(@v9G}|vQ*vwv+v?<v]vQhQIh\vh|v+vRG!v+?yv~RhJ@vtv(efv̂CSv9S
G}RhJGCAvv=vvtvv,pvv,GyvvAvvQ<vv?,hG}RhJGC}vvAvv[|vv#svv=vv{Gyvv"vv=vv9J,hG}RhJGyvv(GQO|vv#
JvvvAvvvzvvvrGCZvvv9OQ6vvvOa@vvvavvv(*vvvQGyvvvgvvv;svvv?hGyvvvZvvvOGsvvv?<vvv+#G}Svvv}vvvOIhGyvvv=vvv+vvv8vvv?.yvvvtvvvOG<vvvPJ
@v(Yv+v9JLv9Yv?Bvqv̂fvQVG}RhJpv,$vPgGC"v9_vuPGJ|vTvAv(*v9JGyv"vAvQGJGyvgv9y+?

(18)Environmental Protection Agency (EPA), National Pesticide Survey Project-nitrate

(Washington, DC: EPA, 1990).

(19)Leuck [et al.], The EU Nitrate Directive and CAP Reform: Effects on Agricultural Production,

Trade, and Residual Soil Nitrogen.
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GyvvAvv,@vvqvv(b|vvTvvAvv(*vv9JG}|vv9f.vvvPyvvx*vv}vvwvv#GCZvv9OQivv+vvQGyvvRQGfvv+vv?Cf@vvTvv9$vv~pvv,@vvzvv(K
GC9AG}Q\vv,hGyvvTvvavvJvv,<vv9yvv"vvAvvQGJ,EPpvv,GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?hFvvOCfSvv=vv>
GQ@vvvqvvv9Y|vvvTvvvAvvv(*vvv9JGyvvv"vvvAvvvQGJpvvv,GC9Afvvv9FvvvOE]|vvv+vvv9gGyvvvZvvvQaGyvvvZvvvJvvv,h|vvv+vvv9gGBvvvRG!vvv9J
GCAvgvqv"v?h|v+v9gGCgv9|v{Gyvwv+v}v+v9Fv+v?.E!vv&yv(G\vK|v#G}|vDvzv?GCgvQh\v?hG FvQGAGJGCAvMvPI
<vvMvvZvv(UGSvvAvvMvvOG|vv9J|vvgvvO:JGyvvAvvTvv}vv+vvO,C8vv9:@vvwvvqvv,hIvvO$vv9Bvvqvv̂|vvgvvO:JCh
|TA(*9JGy"AQGJp,|+9gGyWQHEPGhFOJ|Z9OQCLQiyz"AQGJp,GC"at?.

GyT|GdGCaQhM$"9:|9$(|gOdG:SAMOGeG}RhOGC;Aeyz=+8??

pv,Gyv(Gsvh:*v}vwv#G Fv9<v?fv#GyvTv|GdGCPvv(Q<vTv%v(yv?}f|vgvOdGAvOqGyvRQGfv,
G}fvv̂*vvAvv(svvrfvv̂CSvvzvv(H!vv}vv(GCJvvZvv(dh_vv=vv+vvgvv?GyvvAvvQ<vv?hGyvvavvtvvUh_vvQbGyvvAvvTvv}vv+vvO
h@vv(svv+vvAvv&.vvvPyvvxivv9yvv=vv9

k
|vv9@vvwvv(fJvvzvvqvv9JGCJvv9Yvv+vv{hGAvv+vv(G!vv9JGCTvvAvvMvvO|vv?vvvzSvv}vvOI

fv]v(*v?svz+zv?!vTv=v+v9
k
pv,GyvOhdGyv"v9|v+v?,<v9SvAvDv"v9AGyvZv_,!vdvQG

k
E]GSvAvMvOG|v%v9pv,GyvAvOpv8v?

hfvvvzvvvrGAvvv+vvv(G!vvv9Jhvvvv}vvv(GOChy+?pvvv,Gyvvv=vvv"vvv9A,h<vvv9yvvvAvvv9[yvvv#@vvvWvvvwvvv{$vvvPgGCMvvvzvvvqvvv9JC*vvv?
7vvO*vvOGJFvvO*vv?yvvzvv=vv+vv8vv?pvv,$vvPgGyvvOhd.|vv#Fvv%vv?CLvvQi,EPGvvv9!vvB|vvgvvO:JGSvvAvvMvvOGe
G}RhJpv,<vgv̂GC"v9_vu|vQ@vqvgv?hG}QVQ|vz+?hG}|vav9QGyv%v9_vzv?ivR*vQI,pv;<ovOv|v#
GSAMOGeG OGQIGyT}9O*?G@+OIGCQ@=a?<9 QV9OGy=+8,.

hKvv>GyvvAvvQvvv+vvRpvv,<vvQG|vvHhSvv+vv9Svv9JGyvvOhdGyvv"vv9|vv+vv?fvv̂Cf|vvWvvwvvzvv?QVvvKGyvv"vvAvvQGJ
pv,GyvOhdGCAvav(QIhGyv"v9|v+v?fv̂GyvTv(GA,$v,|vWvwvzv?Ivz+?hKv>Ivzv%v9fv̂GCTvAv(*v9J
GCJvvz+?h|vv#OhfCf*vvAvvzCvvQ6vv9E!vvAvv9LGCJvv9Yvv+vv{pvv,GC"vv9_vvuG}LvvQi(20).vvvPyvvxKvv>
<vvvPdG@vvv%vvv(OyvvvAvvvgvvvdvvv+vvv~pvvvgvvv9y+?G}RhJGCTvvvAvvvMvvvOefvvv=vvvQ|vvvQGsvvv=vvv?|vvvgvvvO:@vvv&hR|vvv#h_vvvQb
G:SvvvAvvvMvvvOGehGyvvvAvvvwvvv9|vvv{<vvv+#Gyvvv"vvv=vvv9JhGAvvv+vvv(Gf,h@vvvgvvvO*vvv{GCJvvv9Yvvv+vvv{GCRQhfvvv?h;vvvTvvv_
Gyg}z+9JGyRQGf+?(21).

|vv#Fvv%vv?CLvvQi*vvgvvAvv=vvQGyvvwvv9O|vv+vv(eLvvavvQG
k

fvv̂YvvJvv?G !vvTvv9fEPGGSvvAvv%vvzvvx<vvwvv}vv+vv9J
vvvv=vvv+vvvQI,pvvvzvvvtvvvOChYvvvB|vvv"vvvdvvv}vvv?GyvvvZvvvJvvv?Gyvvvgvvv9C+vvv?fvvv9e1972<vvvzf1|vvv+vvvwvvvQhivvvQGe|vvv#
Gyvwv9O|v+v(eyvw

o
v{
q

1vvk|v#FvTv~G !vTv9fGC}vAv[*v(|v+v9
k
y+U\v9QG

k
<v9 !vTv9f.hyvwv#pv,

Ivv9yvv?QVvvKGyvv"vvAvvQGJ|vv#CIvvO|vvZvv9OQ$vv9GCMvvAvvzvvqvv?*vv}vvwvv#Cf@vvQ@vvqvvh|vvTvvAvv(*vv9JGyvvwvv9O|vv+vv(e
|vv#G}Svv}vvOIGyvvqvv(Svvqvv(Q*vv?Ch|vv#Jvvzvvqvv9JGAvv+vv(G!vv9JCh|vv#|vv+vv9gGCGvv9QjhGyvv(Ivv{h|vv#
Jvvvzvvvqvvv9JGyvvvZvvv"vvv9fvvv?h|vvv#GyvvvAvvvQSvvv=vvv9JGAvvv+vvv(*vvv?.<vvv9yvvv"vvvTvvv=vvv?E]G}Svvv}vvvOIGyvvvqvvv(Svvvqvvv(Q*vvv?*vvvzO

(20)GCZOQ!qT&.
(21)W. M. Strong, «Nitrogen Fertilization of Upland Crops,» in: Nitrogen Fertilization and the

Environment (New York: Marcel Dekker, 1995).
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Gyvvwvv9O|vv+vv(e|vv#GyvvZvvMvv(QGyvvqvv(Svvqvv9@vv+?GyvvAvv,*vv(FvvOsvvTvv~vvv=vv+vvQ|vv"vv%vv9pvv,GCjvvQHh@vv(!vvU
h@vv(ivv(hGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,Ivv+vvEo*vv(FvvOpvv+vv%vv9Gyvvwvv9O|vv+vv(e<vv}vvTvvAvv(*vv9J|vvQ@vvqvvgvv?
@AQGhM<+#35h55|+zz+jQGeyw

o
{

q
1vkYM(Q.

yvtvO@v"v=vz<vgv̂Gyvgvzv}v9A<vzfR*v9OI@vQvv+vRGJ<vgv̂Gyvjv9RGJvvDv9PChvvTv+vOGyvwvQ<v(f
hChvvvvvTvvvv+vvvvOG}RhJhGC+vvvvAvvvv9fpvvvv,G@vvvv(,Svvvv(a*vvvvQpvvvvhOQFvvvv?IvvvvQGQIG@vvvv(pvvvv,vvvvv(vvvvv>
G}QV.h@vvgvvAvv=vvQ=vv+vvhG:!vv=vvgvv9Cvv9JGyvvjvv9R*vv?pvv,G@vv(hGCTvv=vv=vv?yvvQpvvhOQFvv9JIvvQGQ@vv&Hvv9d
FvvvOGdh!vvvtvvv9T.h|vvvhPyvvvx*vvvTvvv9$vvv~E!vvvAvvv9LhGSvvvAvvvMvvvOG|vvv9JG}Svvv}vvvOI<vvvWvvvwvvv{|vvv9pvvv,$vvvPg
Gyvvjvv9RGJ.EP*vv}vvwvv#ChvvvTvv+vvOG}RhJCf*vv"vv=vvgvvECh*vv"vvavvzvvu|vv#Lvv;dfvv}vvz+9JGyvvAvvTvv}vv+vvO
h<vvvMvvv9Yvvv?pvvv,Ivvvtvvv(dG}QR.hvvvvPyvvvx*vvv"vvvavvvzvvvuivvv9RCvvv9PChvvvvTvvv+vvvOGyvvvwvvvQ<vvv(fCCvvv"vvv9AE!vvvAvvv9L
G}Svvv}vvvOIpvvv,GCgvvv9|vvv{<vvv(pvvvQI,h<vvv9yvvvAvvv9[:*vvv}vvvwvvv#|vvvtvvv9Q!vvv?Gyvvvjvvv9RGJGC"vvv=vvvgvvvDvvv?|vvv#Gyvvv=vvv+vvv(J
GyRF9F+?!A+G?f}z+9JGyAT}+O<AzxGyZ9OQIf#|g9|{E!A9LG}S}OI(22).

S9OS9
k

:GCt9*+UGyT+9S+?A}9*?Gy=+8?

@vvgvvRiGCWvv9vvv{Gyvv=vv+vv8vv+vv?fvv9|vv?hGCQ@vv=vvavv?<vvZvv"vv9fvv?G}Svv}vvOI<vvMvv9Yvv?E]Cvv;Cvv?fvv(G|vv{
$vvv,:CLvvvavvv9AGyvvvTvvv(b,hCLvvvavvv9AGyvvvTvvv+vvv9Svvv?,hpvvvGvvv(IGCgvvvQpvvv?(23).h*vvvtvvvAvvvQMGC"vvv9svvvWvvv(f
yvzvgv9|v{G}hd(CLvav9AGyvTv(b),CfSv=v>GCWv9vv{Gyv=v+v8v+v?*vgv(OE]fvOehFv(OCSv(Gb
yvzvTvzvhGyv=v+v8v+v?;pv}vDv;

k
@vZvQ*vrJvzvqv9J|vZv"vhCSv}vOI,hy+wv#G@v=vUGyvqv(Svqv(Qjpv,

8vvQ|vv9,vvv(f|vv+vv9gGyvv"vv%vvQSvvzvvgvv?IvvQIh:*vv}vvzvvwvv%vv9CIvvO,pvv{PG_vvzvv>|vv#GCZvv"vvhOpvvh
@vvwvv9y+r|vvgvv9@vv?|vv+vv9gGyvv"vv%vvQpvvTvv+vvGvvO$vvPGGCZvv"vvh|vv=vvQQGJfvvO*vvOIyvvgvvOeGyvvOpvvhhEyvvtvv9A
Gyvvvvzvvvv(ehGBvvvvavvvvQfvvvv̂|vvvvZvvvv9OQ@vvvvzvvvv(KCLvvvvQi,h*vvvvgvvvvQa$vvvvPGGyvvvv(\vvvvhpvvvv,G:svvvvAvvvvZvvvv9O

(Internalizing The Externality).

h*vvtvv(d|vv"vv9svvWvv(Gyvvgvv9|vv{GyvvDvv9P(CLvvavv9AGyvvTvv+vv9Svv?),Ef|vvAvv9<vvgvv?@vvavv=vv+vvuGyvvTvv+vv9Svv9J
GBvv9_vv8vv?SvvAvvtvv(OE]CLvvavv9A<vv+8vv+vv?hG\vvJvv?;pvv}vvDvv;

k
Efvvavv9ACSvvgvv9Qfvv9y+?yvvzvv}vvJvv9Yvv+vv{,|vv#

Lv;d<vQG|vHGyvOfv~GAvwv(|v,(GCAv]v}v#C*v]v9
k

Ofv~|vTvAvzvR|v9JG !vAv9L<v}v9pv+v%v9G}Sv}vOI
hGC=vv+vvOGJ),@vvtvv(OE]GSvvAvvMvvOGevvv}vv+vv9JE\vv9pvv+vv?|vv#Gyvvwvv+vv}vv+vv9Fvv+vv9JGyvvRQGfvv+vv?vvv9}Svv}vvOI
hGC=+OGJ,h<9yA9[@|OjE]C\QGQy5!T9fhGA+(GfhGy=+8?.

C|vv9|vv9Mvv[Gyvgv9|v{GyvDv9yvE(GyvvqvvGvv(IGyvvgvvzvv}vv+vv?hGCgvvQpvv?),pvv{!vv&|vvgvvQhaCfGyvv"vvtvv[

(22)IFDC, IFDC Annual Report, 1992, Circualar; T-16 (Muscle Shoals, Alabama: IFDC, 1993).

(23)Bumb, Global Fertilizer Perspective, 1980-2000: The Challenges in Structural Transformation.
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pvv,GSvvAvvMvvOGeGyvvgvvzvv~hGyvvAvvtvv"vv+vv9JGAvvO*vvDvv?hGC"vvAvvGvv9JhGC(GOG}hy+?Gyvv;R|vv?,E\vv9pvv?E]
GC}vv9QSvv?Gyvvgvv}vvz+?,SvvAvvtvv(OE]EIvvOGKG}Lvvavv9QGyvv=vv+vv8vv+vv?.h|vv9cvv9$vvQI!vvtvv[G}hvvvTvvGvv_
E:|vvDvv9d}Lvvavv9AGCgvvQpvv?.hpvv,\vv(A$vvPgGyvvgvv(G|vv{GyvvDvv;Cvv?GyvvTvv9<vvtvv?hivv+vvQ$vv9*vvqvv]vv{G@vv=vv9Y
G FQGAGJGyT+9S+?GyA9y+?:

vvvvv@vvvtvvvAvvvQM!vvvdvvvQ*vvv?;vvvO*vvvOGCTvvv=vvv>GyvvvOGLvvv\yvvvzvvvAvvvzvvv(K<vvv]vvvQhQIOpvvvh@vvvwvvv9y+r|vvvgvvv9@vvv?
GyvvAvvzvv(Cvv9J|vv#svv=vv{|vv"vvAvvGvv,G}Svv}vvOIpvv,|vv9EPGvvv9fGyvvAvvzvv(K|vvQ@vv=vvavv9

k
<vv{!vvAvv9Fvv%vv9,h|vv#svv=vv{

GCRGQfvv_EPGvvv9!vvB!vvAvv9FvvHGyvvAvvzvv(Kfvv9FvvOIE]GSvvAvvMvvOG|vv9JG}Svv}vvOI,E:Cf$vvPgGAvvGvv?
@vvvTvvv=vvv>Ch@vvv(FpvvvOfvvvOI|vvvWvvv9vvvv{,}fGSvvvAvvvMvvvOGeG}Svvv}vvvOI*vvv|OjOhQG

k
|vvv%vvv}vvv9

k
pvvv,E!vvvAvvv9L

GyvjvPGA.h$vwvPGpvR*v9OI@vwv9y+rG FvQGAGJGyv=v+v8v+v?@vtv(OE]R*v9OI@vwv9y+rE!vAv9LG}Sv}vOI
GyvvvAvvv,@vvv|Oj<vvvOhQ$vvv9E]R*vvv9OI@vvvwvvv9y+rE!vvvAvvv9LGyvvvjvvvPGA,h<vvv9yvvvAvvv9[E]QpvvvhCSvvvgvvv9QgGyvvvAvvv,
*vvOpvvgvv%vv9GCTvvAvv%vvzvvwvv(f.hyvvwvv#|vv9$vv(IvvGvv~GyvvR*vv9OIpvv,GyvvAvvwvv9y+rGyvvAvv,@vv"vvAvvtvv{|vv#GC"vvAvvGvv_
E]GCTvvvAvvv%vvvzvvvwvvv_?fvvv}vvv(|vvv9

k
@vvvAvvv(svvvr$vvvPgGyvvvR*vvv9OIfvvv̂|vvvQh!vvv?Gyvvvavvvzvvv>hGyvvvgvvvQVpvvv,v

o
vvv{
q

|vvQIvvzvv?,E:C!qvv&pvv,Gyvv"vv%vv9*vv?*vvAvvJvv}vv{GCTvvAvv%vvzvvwvv(fGyvvgvv>AG}vvv=vvQ.hpvv,$vvPgGAvv9yvv?*vvqvv]vv{
G<vv9P<vvgvv̂GyvvAvvQ@vv+=vv9JGyvvOGfvv}vv?yvvzvv}vvTvvAvv%vvzvvwvv_|vv#svv=vv+vv{GyvvOfvv~G:FvvAvv}vv9fvv,Ch@vvtvv9Svv~
GyAw9y+rGB9Y?<9yAz(C9JGy=+8+?Gy"9:?f#Y"9f?G}S}OI.

vvvv|vv9D@vvavv=qvvu!vvdvvQ*vv?;vvO*vvOGCTvv=vv>GyvvOGLvv\yvvzvvAvvzvv(K|vv#svv=vv{=vv+vvhGyvvOhd,fvv̂
|vvTvvAvv(iGyvvAvvzvv(KGCWvvAvvQcyvvzvvOhd,pvv,Gyvv(svvB!vvqvvTvv&Svv(a@vvgvvAvv=vvQGyvvOhdGCavv=vvtvv?G}h]
yvv%vvPgGyvvTvv+vv9Svv?(Gyvv"vvdvvQ*vv?)$vv,GBvv9SvvQI,h<vv9yvvAvv9[Kvv>@vvavv(*vvQG =vv9YGyvvgvv9C,yvvAvvavv=vv+vvu
G FvvQGAGJGyvv=vv+vv8vv+vv?,vvv}vv9Kvv>@vvavv(*vvQG}SvvUhGyvvAvvWvvQ*vvgvv9JGyvv=vv+vv8vv+vv?hpvvtvv9

k
}SvvUGyvv=vvJvvE

Gygz},.

vvvvvKvv>ERGyvv?Ch@vvtvvz+[<vvQG|vvHOfvv~CSvvgvv9QGCJvv9Yvv+vv{h|vvTvvAvvzvvR|vv9JG !vvAvv9LGyvvAvv,
svv9OJSvv9<vvtvv9

k
E]R*vv9OIGSvvAvvMvvOGeG}Svv}vvOI.hG<vv9P|vvDvv{$vvPgG FvvQGAGJLvvtvvuG}$vvOGa

Gy=+8+?hG:sAZ9O*?.

vvvvvLvvAvv9L!vvtvv{GyvvAvvtvv"vv+vv9JGCAvvgvvzvvtvv?<vv9yvvAvvzvv(Cvv9JGyvv=vv+vv8vv+vv?Gyvv"vv9:vv?fvv#E!vvAvv9LhGSvvAvvgvv}vv9d
G}Svv}vvOIhGCAvv(GpvvQIpvv,GyvvOhdGCAvvavv(QIE]GyvvOhdGyvv"vv9|vv+vv?,E]@vv(GpvvQGyvvgvv}vv;JGyvvZvvgvv=vv?
Ch:

k
,h7vv+vv8vv?Gyvvwvv9OQGyvvqvv"vv,hGyvvgvvzvv}vv,:SvvAvvgvv}vv9d$vvPgGyvvAvvtvv"vv+vv9JCv9!v+9

k
,h<vv9yvvAvv9[Kvv>fvv̂

GC}(y+#h|AMPjGytQGQGJ@tO*~GCT9fOIGy]QhQ*?y"t{$PgGyAt"+9J.

vvvvvKv>EOLv9d|vqv9$v+v~GyvTv+v9Sv9JGCAvgvzvtv?<v9 QVv9OGyv=v+v8v,hLv9Yv?<v9yvOhdGyv"v9|v+v?
ChGC"vv9_vvuGyvvAvv,@vvTvvAvvMvvOepvv+vv%vv9|vvTvvAvv(*vv9Jfvv9y+?|vv#G}Svv}vvOI,hpvv,Gyvv(svvB!vvqvvTvv&@vvqvvAvvtvvQ
E]G OGQIGyvgvzv}v+v?yvzvTv}v9O.h$v"v9Kv>@vWvGv+vhGyv=vJv(KGyv=v+v8v+v?GCtvQh!v?<vgv}vz+9JEQVv9O
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h@vvvvDvvvvtvvvv+vvvvrGCRGQfvvvv_,E\vvvv9pvvvv?E]PyvvvvxKvvvv>@vvvvWvvvvGvvvv+vvvvhGyvvvv=vvvvJvvvv(KGCAvvvvOGLvvvvzvvvv?<vvvv+#E!vvvvAvvvv9L
hGSAg}9dG}S}OIhGyAz(C9JGy=+8+?Gy"9:?f"%9.

S9<g9

k
:;O*9JGCTAt={

|vvv#Gyvvv=vvvOG$vvv?<vvv}vvvwvvv9f<vvvtvvv9AGSvvvAvvvMvvvOGeG}Svvv}vvvOI|vvvwvvv(!vvv9
k

CSvvv9Svvv+vvv9
k
yvvv;SvvvAvvvQG@vvv+Gvvv+vvv9J

GCTvvAvvtvv=vvz+?yvv]vv}vv9f;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,h<vv9yvvAvv9[G}|vv#GyvvjvvPGFvv,h>vv9*vv?
GC(GQOGyvav=v+vgv+v?.hyvAvJvtv+vu$vPGGyvOhQyv~Sv}vOIKv>GSvAvMvOG|v%v9|vTvAvtv=v;

k
<vWvwv{JvAvzvr

fvv#GSvvAvvMvvOG|vv97vv9GyvvTvv9<vvtvv?,pvvqvv,GC9\vv,@vv~qGyvvAvvQvvv+vvRG}Svv9Svv,fvv̂@vvgvvR*vvR!vv}vv(GSvvAvvMvvOGe
G}Svv}vvOI,hyvvPyvvxhFvv%vvB=vv+vvhG@vv%vv(OGyvvAvvtvv"vv+vv?hGyvvAvv"vvdvv+vv}vv+vv?hGC|SvvTvv+vv?,h7vv+vv8vv?Gyvv=vv"vv)
GyAJA+?,hvPyxGyT+9S9JyAJt+u$PGGy%Oa.

hpvvv,=vvv+vvvhGC"vvv9Svvv=vvv9J*vvvAvvvQOOGyvvvtvvv(dEfGyvvvOhdGyvvv"vvv9|vvv+vvv?,h<vvvMvvv9Yvvv?pvvv,BSvvv+vvv9,svvvO
VvGvgvBSvQfv?!v}v(GSvAvMvOGeG}Sv}vOIh<v9yvAv9[Fv"vBpv(GFvOPyvxGCAv}vDvzv?pv,R*v9OIE!vAv9L
GyvvjvvPGAh\vv}vv9fG}|vv#GyvvjvvPGFvv,.yvvtvvOsvvOQpvv9*vvO*vv9!vv9Cvv9f(Vaidyanathan)fvv9e1993<vvzf

60pvv,GC8vv?@vvtvvQ*vv=vv9
k

|vv#R*vv9OGJE!vvAvv9LGAvv=vv(HLvv;dGyvvqvvAvvQI1960vvvvv1990pvv,Gyvv%vv"vvO
f9FOIE]R*9OIGSAMOGeG}S}OI(24).

hyvvwvv#pvv,GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?GsvvAvvQf$vvPGGyvv"vv}vv(<vvR*vv9OIG}fvv=vv9AGyvvqvv+vvR*vvtvv+vv?,
vv9:SvAvMvOGeGCQ@vqvhyvzvav9sv?hGyvwvqv9AIGC"vMvqv]v?:SvAvMvOGeG}Sv}vOIhG QVv9OGJGyv=v+v8v?
Gyvv]vvgvv+vvqvv?.pvv,Gyvv(GsvvhKvv>@vvjvv+vv+vvQ=vv+vvh$vvPgGyvvdvvQha}f@vvwvv9y+qvv%vv9ivv+vvQ|vvWvvGvvgvv?fvv̂
GSvvAvv}vvQGQG !vvAvv9L.hKvv><vv9yvvAvv9[fvv̂G:SvvAvvQG@vv+Gvv+vv9JG@vvO*vvOIGyvvtvv+vv9e<vv(cvv+vvqvv?Chfvv}vv{
Cpvv]vv{|vv#G:SvvAvvQG@vv+Gvv+vv9JGyvvtvvO*vv}vv?,hPyvvx<vvAvvgvvR*vvRG}$vvOGa<vv+#G:svvAvvZvv9OhG}$vvOGa
Gyvv=vv+vv8vv+vv?,hLvvzvvuGyvvAvv(Gpvvu<vv+#v

o
vv{
q

|vv#Gyvvwvvqvv9AIhGyvvgvvOGyvv?hG:IvvAvv+vv9WGC9[hC$vvOGa>vv9*vv?
Gy=+8?.

pvvvvv,GCTvvvvvAvvvvvtvvvvv=vvvvv{Kvvvvv>GyvvvvvAvvvvvQvvvvvv+vvvvvRfvvvvv̂GYvvvvvavvvvv;MGyvvvvv"vvvvv}vvvvv(|vvvvvhG OGQI(Growth with

Management),CvvDvQ|v#GyvAvQvv+vRfv̂GYvav;MGyv"v}v(pvtvb.h:!vgv"v,$v"v9@vav=v+vuG OGQI
fv̂Gyvgv"v9YvQGyvTv}v9O*v?fv̂|vTvAv(iGCRQfv?pvtvb,hE!vv}v9@vav=v+vuG OGQIfv̂=v+vhGC(GQO
GC9y+?hGyv=vWvQ*v?hGyvqv+vR*vtv+v?hGyvAv"vdv+v}v+v?hGyvTv+v9Sv+v?GyvOGLvzv?pv,svav9YG}Sv}vOI.h<v9yvQiv~
|v#G OGQIG@v+vOIyv%vPgGC(GQO=v+vgv9

k
SvAvgv}v{fv̂;vtv+vuGyvwvqv9AIhGyvgvOGyv?hG:IvAv+v9_v9J

GC9y+?h>vv9*vv?Gyvv=vv+vv8vv?;vvB=vv+vvhGyvvdvvQha,E:C8vv9<vvzvvuCR|vv9Jpvv,:vv9QIG}Svv}vvOIpvv,

(24)A. Vaidyanathan, Fertilizer in Indian Agriculture (Bangalore, India: Institute for Social and

Economic Change, 1993).
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<vvgvv̂GC"vv9_vvuGyvvAvv,Kvv>EOGQ7vv9<vvgvv"vv9*vv?pvv9Fvvtvv?|vv#OhfGyvvAvv]vvJvv+vv?<vvz$vvOGaG}|vv#GyvvjvvPGFvv,
hGyvvv"vvv}vvv(GyvvvRQGfvvv,h>vvv9*vvv?Gyvvv=vvv+vvv8vvv?.$vvvPgG:SvvvAvvvQG@vvv+Gvvv+vvv?G@vvvO*vvvOIyvvvzvvv"vvv}vvv(|vvvhG OGQISvvv(a
@vvWvv}vv{;vvO*vv9JfvvO*vvOIpvv,|vv"vv9_vvuJvvAvvzvvqvv?Svv"vvgvv}vvOE]@vv(\vv+vvJvv%vv9pvv,GyvvZvvqvvJvv9JGyvvtvv9O|vv?
|#L;dfQVGy"t9WGyA9y+?:

1vvvvvvq9AIGSAg}9dGC(GQO
<vvgvvwvvUGyvvOhdGCAvvavv(QI,@vvgvvAvv=vvQvvvqvv9AIGSvvAvvMvvOGeGC(GQOpvv,vvvzvvAvv9Hvv}vv(fvvAvv,GyvvOhd

Gyvv"vv9|vv+vv?hOhdG Yvv;MG:svvAvvZvv9Oj,|vv"vvMvvqvv]vv?pvv,GyvvgvvO*vvO|vv#|vv"vv9_vvtvv%vv}vv9.hpvv,\vv(A
Pyvvx!vvJvv9hdfvvQVh|vv"vv9svvWvv?v

o
vv{
q

|vv#GSvvAvvMvvOG|vv9JGyvvTvv}vv9Oivv+vvQGyvvqvvgvv9yvv?,hGSvvAvv%vv;c
Gya9s?p,$PgGyqtQI.

Cvvvvvpg9y+?GSAMOGeG}S}OI

@vvAvv=vv9*vv#GSvvAvvGvv9<vv?GCJvv9Yvv+vv{:SvvAvvgvv}vv9dG}Svv}vvOIvvvDvv+vvQG
k
|vv#|vv"vvavvtvv?<vv+8vv+vv?RQGfvv+vv?E]

CLvvvQihpvvv,GC"vvvavvvtvvv?!vvvqvvvTvvv%vvv9|vvv#IvvvZvvv(dE]BLvvvQ.pvvv,GCAvvv(Svvvb*vvvgvvvavvv,hGIvvvO_vvv#|vvv#
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(25)Food and Agriculture Organization (FAO), Fertilizer Strategies, FAO Land and Water

Development Series (Rome: FAO, 1987).
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(26)Bumb, Global Fertilizer Perspective, 1980-2000: The Challenges in Structural Transformation.
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|vvv#Fvvv%vvv?CLvvvQi,hfvvv"vvvO|vvv9;vvvOKfvvv}vvvz+9JLvvvqvvv̂svvv+vvv}vvv?Gyvvvgvvv}vvvzvvv?hEyvvvjvvv9AGyvvvOfvvv~
GAvvwvv(|vv,hGBvvZvvMvvZvv?<vvWvvwvv{@vvOQKvv,,hfvv"vvO|vv9!vvGvv%vvRGyvvAvv"vv}vv+vv?Gyvv=vvWvvQ*vv?hGC|SvvTvv+vv?
GC"vv9Svv=vv?<vv5y+?Svvz+}vv?yvvzvvAvvWvvQ*vvgvv9J,:<ovvO

v
Cf*vvgvvRRGSvvAvvMvvOGeG}Svv}vvOIvvv}vv9IvvZvv{pvv,

<v"vjv;OT.pv,GAvtv+vtv?Kv>fvQV|vDv{$vPgGyvTv+v9Sv9J<vavQ*vtv?|v9yvAvgvR*vR!v}v(GSvAvMvOGe
G}S}OIp,GyOhdGy"9|+?GyA,:@RGd@TAMO|%9<}gO:JIOOI.

3vvvvv>9*?Gy=+8?
!vvdvvQG

k
E]Cf|vvTvvAvv(*vv9JGSvvAvvMvvOGeG}Svv}vvOIfvv9|vv?|vv"vvMvvqvv̂pvv,GyvvgvvO*vvO|vv#GyvvOhd

Gyvvv"vvv9|vvv+vvv?,pvvv,GC9\vvv,vvvv9f$vvv"vvv9csvvvzvvvul<vvvTvvv+vvvb
l

fvvv̂G6Cvvv9QGyvvv=vvv+vvv8vvv+vvv?GCQ@vvv=vvvavvv?<vvv9SvvvAvvvMvvvOGe
G}Svv}vvOI,C|vv9pvv,GCTvvAvvtvv=vv{pvv+vvGvv>Cf*vvROGO$vvPGGyvvtvvzvvuGyvv=vv+vv8vv,<vvJvv+vvE*vvgvvavv)Cpvv]vvz+?
|vvAvvtvvO|vv?!vvdvvQG

k
E]GQ@vvqvv9Y|vvTvvAvv(*vv9JGSvvAvvMvvOGeG}Svv}vvOIh!vv}vv($vv9<vvTvvQfvv?pvv,<vvgvv̂GyvvOhd

Gyvv"vv9|vv+vv?,vvv}vv9$vv(GAvv9dpvv,VvvQbBSvv+vv9.hSvv(a*vv"vvAvvHfvv#@vvgvvR*vvR!vv}vv(GSvvAvvMvvOGeG}Svv}vvOI
C\QGQVO*OIyz=+8?h<9yA9[;O*9JfO*OI@A}D{:

Cvvvvv<vAvtvz+[pvGv(IGCgvQpv?EPKv>@vgvz+~GCRGQfv_vv+vqv+v?GSvAvMvOGeG}Sv}vOI<vwvqv9AI
Fv+vOI.h!vdvQG

k
E]C|v+v?GyvwvDv+vQ*v#|v#|vRGQfv,GyvOhdGyv"v9|v+v?pv{f@vgvz+}v%v~*vAvavzv>Fv%v(OG

k

F=9QI.

HvvvvvKvv>EFvvQGAGCR*vvO|vv#Gyvv=vvJvv(Kyvvqvv%vv~GyvvAvvOGLvv{GyvvO*vv"vv9|vv+vvwvv,:SvvAvvMvvOGe
G}Svv}vvOIhGyvv=vv+vv8vv?.$vvPG,h<vvQG|vvHGyvvAvv"vv}vv+vv?GBvv9Yvv?<vvAvvtvvz+[GyvvqvvtvvOGCAvvTvv9QYyvvzvvgvv"vv9YvvQ
hG|vAvZv9UGyvwv9O|v+v(e|v#sv=v{Gyv"v=v9@v9Jh!vAvQGJGyvQYv9U|v#G}Sv}vOIh|v#GC(GQO
ivv+vvQGyvvTvv}vv9O*vv?,@vvAvvavvzvv>C<vvJvv9Cvv9

k
|vvAvvtvvO|vv?h@vvtvv"vv+vv?|vvAvvavv(QIhvvvPyvvx@vvavv(*vvQEOGQIfvv}vvz+?

FO*OI.

LvvvvvKvv>Efvv9OI@vvZvv}vv+vv~GyvvTvv+vv9Svv9J,pvv=vv9yvvQivv~|vv#Eyvvjvv9A<vvQG|vvHGyvvOfvv~GAvvwvv(|vv+vv?
yvvv~Svvv}vvvOIh}Svvvgvvv9QGCJvvv9Yvvv+vvv{,GyvvvAvvv,svvv9OJ,h@vvvtvvv(O,E]Qpvvvh|vvvTvvvAvvv(*vvv9JGSvvvAvvvMvvvOGe
G}Svv}vvOI,E:Cf$vv"vv9c\vvQhQIyvv(\vvhIvv(GpvvRyvvAvvgvvR*vvRYvvOGsvv?|vvhGyvv=vv+vv8vv?hGyvvAvvavv=vv+vvtvv9J
GyRQGf+?vAZ}+~GyOhQGJGyRQGf+?;I=(Hh<t(dhi+Q$9.

fvv}vv(|vv9
k
@vvgvvAvv=vvQSvv+vv9Svv?G}Svvgvv9QCOGI|vv%vv}vv?hpvvgvv9yvv?CvvvDvvQ|vv#Svv+vv9Svv?GyvvAvv"vvdvv+vv~(vvv(\vvh

IvOOGJvv}v+v?yv;SvAvMvOGe)<v9yvQiv~|v#Sv+v9Sv?G}Svgv9Qyv(IvO$v9(<v}v9pv+v%v9Gyv]vQ*v=v?fv̂
GSvvvAvvvMvvvOGeG}Svvv}vvvOI)svvvO:@vvvwvvv(fvvvv9pvvv+vvv?yvvvAvvvtvvvz+[GBvvvavvvQGyvvv=vvv+vvv8vvv,.vvvv}vvv9Ef

v
GyvvvTvvv+vvv9Svvv9J

hGyvv=vvQG|vvHG}LvvQi@vvtvv(OE]|vvgvvQpvv?Cpvv]vv{,hvvvPyvvxKvv>@vvWvvGvv+vvhGyvvAvvavv=vv+vvtvv9JGCRQfvv+vv?
GCQGpt?yg}z+9JGyAT}+O.
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4vvvvvGytOQIGy="9F+?Gy=WQ*?hGC|ST+?
yvvtvvOIvvOKGyvv"vv}vv(pvv,GSvvAvvMvvOGeG}Svv}vvOIhE!vvAvv9Fvv%vv9,pvv,GC9\vv,,pvv,GyvvgvvO*vvO|vv#

GyvvOhdGyvv"vv9|vv+vv?hOhdG Yvv;MG:svvAvvZvv9Oj,fvv=vvQGyvv(vvv9:JChGC|SvvTvv9JGAvvwvv(|vv+vv?Ch
Gyvtvav9YGyvgv9e,h@vQ@v>fv̂PyvxR*v9OIG}fv=v9AGC9y+?hGyvwvqv9AIGC"vMvqv]v?hG!vAvWv9QGyvTvzvav?
G:VvvvvAvvvvQGvvvvv+vvvv?GyvvvvAvvvvJvvvvQc,GyvvvvAvvvv,COqJ<vvvvOhQ$vvvv9E]GyvvvvAvvvvJvvvvQcG}hd:vvvv9gC!vvvvdvvvv}vvvv?G}Svvvv(Gb
GyvvAvv"vv9pvvTvv+vv?pvv,GyvvgvvO*vvO|vv#GyvvOhd.E:CfGyvvAvvJvv(dGyvv"vv9FvvK|vv#GIvvAvvwvv9QGyvvtvvavv9YGyvvgvv9eCh
G:svvAvvZvv9OGCMvvavvbGCQvvvRjE]!vvdvv9eGyvvTvv(bGyvvAvv"vv9pvvTvv,*vvAvvavvzvv>fvvQ\vv9

k
|vv"vv9Svv=vv9

k
|vv#Gyvv=vv"vv+vv?

GyvvvAvvvJvvvAvvv+vvv?Gyvvv=vvvWvvvQ*vvv?hGC|SvvvTvvv+vvv?GC"vvv9Svvv=vvv?;pvvv9C%vvv9QIG OGQ*vvv?hGyvvvAvvvTvvv(*vvvtvvv+vvv?hBy+?GyvvvAvvv"vvvdvvv+vvv~
hGyvvAvvWvvQ*vvhhGC|SvvTvv9JGC9y+?hVvv=vvwvv?GCgvvzvv(|vv9J,vvvzvv%vv9<vv"vv)CSvv9Svv+vv?yvvzvv"vvWvv9_vv9JGyvvqvvgvv9yvv?
yvv~Svv(GbGBvv9Yvv?<vv9yvvjvvPGAhsvvavv9fvv9JG}Svv}vvOI.h<vv9yvvQivv~|vv#@vv(GpvvQ|vvDvv{$vvPgGC%vv9QGJ
hGC|SvvTvv9JhGyvv=vv"vv)GyvvAvvJvvAvv+vv?<vvWvvwvv{IvvOhOpvv,GyvvgvvO*vvO|vv#GyvvOhd,E:Cf$vv"vv9cIvv9Fvv?
|vv9Svv?yvvAvvOQ*vv>h@vvtvvO*vv~GCTvv9fvvOIGyvvAvvtvv"vv+vv?h@vvavv(*vvQGC%vv9QGJhGC|SvvTvv9Jpvv,GyvvwvvDvv+vvQ|vv#
GyvvOhdGyvv"vv9|vv+vv?h<vvMvv9Yvv?OhdG Yvv;MG:svvAvvZvv9OjhOhdCpvvQ*vvtvv+vv9GyvvZvvJvvQGh*vv?,h|vv#
Ohf@v(pv+vQGyvgvQVGC"v9Sv>CDv{$vPgGC%v9QGJhGC|SvTv9J,:<ovO

v
hC!vdv}v?GyvTv(biv+vQ

GC"d}?S(a@thp,GIAw9QGJi+Qpg9y?yzta9YGB9U.

CLv+vQG
k
*v}vwv#Gyvtv(dE!qv&<v9yvQiv~|v#Cf$vPgGyvAvJvO*v9J|vDv=vav?yvzv%v}v?,E:Cf!vAv9FvH

Gyvv"vvGvv9Ivv9JSvv(a@vvTvv9fvvOpvv,Lvvqvv̂GyvvqvvtvvQh@vvgvvRRG}|vv#GyvvjvvPGFvv,h;vv}vv,Gyvv=vv+vv8vv?h;vvtvvu
GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?|vv#hFvv%vv?!vvdvvQGSvvAvvMvvOGeG}Svv}vvOI.h<vvTvv=vv>GLvvAvv;a_vv=vv+vvgvv?
hHv9:J$vPgGyvAvJvO*v9JhBy+9JGyvAvgv9|v{|vgv%v9|v#<vzvOE]BLvQ,:*v}vwv#@vtvO*v~hYvqv?
|vv(IvvOIyvv%vv9.h|vvhPyvvxKvv>GyvvAvvWvvO*vvOfvv̂CfGyvvtvvQGQGyvv"vv9FvvK*vvAvvavvzvv>OQFvv?fvv9y+?|vv#
G:Q@vv=vv9_vv9JGAvvwvv(|vv+vv?(G:yvvAvvRG|vv9J)hGAvvzvv(dGyvv(Gsvvgvv+vv?GyvvAvv,@vvtvv(OE]Svv+vv9Svv9J|vvTvvAvvtvvQI
h@Q@+=9J@"d+}+?|"9S=?h<+9!9J||ST+?h|9y+?|;F}?.
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OhQG9?vvcGQhG9@NX;vvvXJG9Cb=AvvvZ

6w)CNTvoG9@RQTvZG9eQG4TvZG9QE@bG:vZ
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|OLvvvvv{

pvvv,$vvvPGGyvvvqvvvZvvv{!vvvJvvv9hdEyvvvtvvv9AGyvvv]vvv(Afvvv̂OhQGyvvv=vvvPGQ(yvvv5!vvvAvvv9LGyvvv"vvv=vvv9O)hfvvv̂
GIvAv}v9:JGyvAvav(QGC}vwv"v?pv,Gyvgv9DhGyvAvtv9!v9JGAvO*vDv?GyvAv,*v}vwv"v%v9Cf@vTv9fvOpv,;vtv+vu
GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?h;vTv_Yv(QR*v9OIE!vAv9LGyvjvPGA.h!v=vOC<vgvQVG:pvAvQG\v9J
GyA9y+?:

1vvvvvG:SA}QGQp,@wD+rGyRQGf?CS9S,Ct9<z?|Aaz=9JGyjPGAf9C+9
k
.

2vvvvv|vvvQGfvvv9IG@vvv(G!vvv>Gyvvv=vvv+vvv8vvv+vvv?|vvvhGCJvvv9pvvvdvvv?fvvv̂G !vvvAvvv9Fvvv+vvv?GC;Fvvv}vvv?pvvv,G}QG\vvv,
G@+OIh@tz+[Gy]j(WGCARG*OIf^G}QG\,GAOq*?ChGy%W?.

3vvvvvGyvvv=vvvJvvvE Kvvv9O_vvvQbFvvvO*vvvOIyvvvR*vvv9OIG !vvvAvvv9Fvvv+vvv?C|vvvQ\vvvQhQjfvvv}vvv(|vvv9
k
.@vvvtvvvQQ

Gyg(G|{GyA9y+?!(YGyAw"(y(F+9GCaz(<?:

vvvvvGAvv9Fvv?yvvzvvtvvOQIGyvvwvv=vv+vvQIyvvzvv}vv(QOGCTvvAvvMvvOepvv,GyvvRQGfvv?6vvOaE_vv9yvv?pvvAvvQIfvvQ\vv&
h@tz+[BC9Q@z(C&GCJA}z?.

vvvvvGAvvtvv+vvtvv?GC%vv}vv?Gyvvtvv9Fvvzvv?EfGyvvRQGfvv?GCTvvAvvtvv=vvz+?SvvAvvwvv(fCvvvDvvQ@vvwvvDvv+vvqvv9
k

h|vvgvvQpvv?hEOGQI
F9$,fz+&G6f.

vvvvvGAvvv9Fvvv?Gyvvvwvvv=vvv+vvvQI:SvvvAvvv+vvvgvvv9HGyvvvgvvv}vvvz+9JG}Svvv9Svvv+vvv?Gyvvvqvvv+vvvR*vvvtvvv+vvv?hGyvvv=vvv+vvv(yvvv(Fvvv+vvv?
hG:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?(|vvDvv{GyvvAvvQHhGyvv(QGCvv?h>vv9*vv?Gyvv"vv=vv9@vv9J)GC|CvvQIfvv̂GyvvRQGfvv?
<aQbJAzq?.

vvvvvGAvvv9Fvvv?Gyvvvwvvv=vvv+vvvQIE]GC(GQOGyvvv(QGCvvv+vvv?hGyvvvAvvvavvv=vvv+vvvtvvv9JGyvvvRQGfvvv+vvv?GBvvv9Yvvv?<vvv9C"vvv9_vvvu
GyRQGf+?GCMAzq?(1).

yvvtvvOCYvv=vvKGyvv"vvZvvrGyvvDvv9P|vv#GyvvtvvQfGyvvgvvWvvQ*vv#GyvvR|vv#GC"vv9Svv>:!vvAvvtvv9dGyvvRQGfvv?

(1)D. L. Plucknett, «Prospects of Meeting Future Food Needs Through New Technology,» in:

N. Islam, ed., Population and Food in the Early Twenty-first Century: Meeting Future Food Demand of an

Increasing Population (Washington, DC: International Food Policy Research Institute (IFPRI), 1995).
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h;vv(yvv%vv9|vv#GCWvv9Q*vvhGyvvRQGfvv+vv?Gyvvwvv;Svv+vvwvv+vv?vvvvvGC(QO*vv?,E]GyvvZvv"vv9fvv+vv?Gyvvgvvzvv}vv+vv?.h*vvgvv"vv,
GyvAvJv(dE]GyvRQGfv+v?Gyvgvzv}v+v?;vtv+vuG !vAv9LGyvgv9[hGyvDv9<vBh_vQbGAv+v9IG@vO*vOIC;*v_
G}pvvQGO.yvvtvvOCvvvOJGyvvAvv"vv}vv+vv?,h<vv(GSvvavv?GyvvRQGfvv?Gyvvgvvzvv}vv+vv?,|vvTvv|hy+Avv%vv9fvv#G@vvRAG}vvv=vvQ
yvvzvvJvvtvv+vvtvv?Gyvvtvv9Fvvzvv?:EfG !vvAvv9LGyvvRQGfvv,svvOIvvtvvu|vv"vvGvvRGJvvvDvv+vvQILvv;d30vvvvv40GyvvTvv"vv?
GC9\+?,<{CvDQF9@(sg&GygO*O|#Gy=9ID_.hyw#GyT|GdGCaQhMG6f:

$v{@vTvAvav+vhGyvAv"v}v+v?Gyvgvzv}v+v?,h<v9yvAvgv9hf|vhGyvAvtv9!v9JGyvgvzv}v+v?GAvO*vDv?hG@v(G!v>
Gyv]vQhQ*v?G}LvQi,|v#;vtv+vuGSvAv}vQGQGyv"v}v(pv,G !vAv9Fv+v?GyvRQGfv+v?COfvQVGyvjvPGA
Gyg9C,hG sz+},,h;t+uGyA"}+?GyRQGf+?GCTAOG|??

y5F9<?f#GyT|GdGCPv(Q:<O|#fQVGAt9FuGygz}+?GyA9y+?:

p,Gy(Gsh$"9cC;KGSAQG@+G+9JyR*9OIE!A9LGyjPGAGyg9C,$,:

G}h],E|9<{\9p?CQGV
m

FO*OIE]G !A9L(GyA(Sh<9CT9I?GCRQhf?).

GyD9!+?,Ch<R*9OIE!A9F+?G}QG\,GC(F(OI(R*9OIGyj;dp,hIOIGCT9I?).

GyvvDvv9yvvDvv?,Ch<vvvR*vvv9OIfvvvOOGCJvvv9Yvvv+vvv{GC"vvvAvvvGvvv?pvvv,Gyvvv%vvvwvvvAvvv9QSvvv"vvv(*vvv9
k

(IvvvZvvv(y+#vvvvv3
I9Y+{),Ch@tz+[pAQGJGyA=(*Q.

*vvWvv%vvOGyvvAvv9Q*vvNGyvvRQGfvv,<vvzf|vvgvvdvv~GyvvR*vv9OGJpvv,G !vvAvv9LGyvvRQGfvv,Fvv9AJ!vvAvv+vvGvv?
GyvvAvv(Svvhpvv,G}QG\vv,GCRQhfvv?.hQivv~G:SvvAvv}vvQGQpvv,GyvvAvv(Svvhpvv,$vvPgG}QG\vv,E:Cf
SvvQfvvAvv&@vvAvv=vv9_vvzh@vv"vvMvvqvv̂.hpvv,G}QG\vv,PGJGyvvwvvDvv9pvv9JGyvvTvvwvv9!vv+?Gyvvgvv9y+?vvv5Svv+vv9,pvv{f
GyvvAvv(Svvhpvv,G}QG\vv,GCRQhfvv?D*vvgvvOFvvwvv"vv9

k
G6f.h$vvPG*vvOfvv(!vv9,h<vvJvv9Fvv?|vv9Svv?,E]

R*vvv9OIivvvzvvv?G}QG\vvv,GC(Fvvv(OIChR*vvv9OIfvvvOOGCJvvv9Yvvv+vvv{GCRQhfvvv?pvvv,hIvvvOIGCTvvv9Ivvv?
Svv"vv(*vv9

k
Ch<vvwvvzvvAvv+vv%vv}vv9|vvgvv9

k
.hGyvv(GsvvhEf@vvwvvDvv+vvrGCJvv9Yvv+vv{svvO:*vvwvv(fhGsvvgvv+vv9

k
pvv,Ivv9:J

GC(GQOGCJvvvOhOIGyvvvgvvvO*vvvOI,h*vvv}vvvwvvv#R*vvv9OIGyvvvjvvv;dpvvv,G !vvvAvvv9Fvvv_Gyvvv"vvv=vvv9OhGAvvv+vvv(GPfvvv#
_vQ*vuGSvAvMvOGeGCR*vO|v#|vOLv;JG !vAv9LCh<v9SvAvMvOGeG OGQIG@v+vOI.fv}v(|v9

k
@v(GFv&

GyRQGf?p,Gygt(OGyD;C?Gyt9O|?fOOG
k

|#GAt9FuGygz}+?GyA9y+?:

vvvvv\QhQIGyAwD+rGCTA}Q.

vvvvv\QhQIG !A9LL;d30vvvvv35S"?Gyt9O|?\gq,G !A9LGA9[.

vvvvv@(shGyj;dGyg9y+?|#G}QG\,GCRQhf?GA9y+?.

vvvvvGyAQv+Rf^GCOL;JGy(GF>GSAMOG|%9<qg9y+?hI+(*?CvDQ.

vvvvGy]jbGyw=+Qyz=+8+_Bq^@O$(QGyAQHh@tz+{GSAg}9dG}S}OIhGC=+OGJ.

vvvvvGyAQv+Rf^EOGQIGCWQhf9JGyRQGf+?hGCgQp?Gygz}+?.
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|vv#Fvv%vv?CLvvQi,GfvvAvv}vvOJGyvvDvv(QIGBvv]vvQGAG}h]pvv,ChQh<vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?
hChsvv+vv9!vv(Svv+vv9fvv̂Gyvvgvvzvv~GCAvvtvvOepvv,vvv{<vvzvvO,hGyvvPjsvv9OE];vvTvv_CYvv"vv9aGCJvv9Yvv+vv{
hGSvAv+vgv9Hvv9|v{C(GQOG}QVhGC+v9ghEOGQ7v}v9,hE]R*v9OIGSvAvgv}v9dGyvgv"v9YvQGyvjvPGFv+v?
(h<vvMvv9Yvv?G}Svv}vvOIGCgvvO!vv+?),hE]R*vv9OIGyvvQjh;vvTvv_hsvv9*vv?Gyvv"vv=vv9J,hvvvPyvvx;vvTvv_
EOGQIGCJvZv(d.pv,<vOG*v?GyvDv(QIGBv]vQGAGfvAv}vOJ=v+vhGyvAvJvTv+"9JGyvTv9<vtv?fv̂|v9$v(
|vvAvv(GpvvQpvv,Gyvvgvvzvv~GCAvvtvvOeyvvzvv=vvzvvOGyvv(GIvvOh<vvAvvgvv9hf<vvTvv+vvb|vvhGyvvOhdG}LvvQi.pvv,ChGLvvQ
GyvvTvvAvv+"+vv9JhLvv;dGyvvTvv=vvgvv+"+vv9JSvv9fvvO!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv,Gyvvgvv9C,pvv,Efvvavv9AOpvvgvv?
E\9p+?y5!A9F+?p,GyOhdGCAa(QIhGy"9|+?.

C|v9GyvDv(QIGBv]vQGAGyvDv9!v+?pvtvO<vOCJ<vAvav(*vQG}Yv"v9aGAvO*vDv?yv~QRhGyvtv}vKGyvAv,
|vvDvvzvvBG}Qsvv9eGyvvtvv+vv9Svv+vv?pvv,;vvTvv_GCJvv9Yvv+vv{.hyvvtvvO!vvtvv{Gyvv=vv9IvvDvv(fLvv=vvQGJGy+9<vv9!vv+_
hGyvAv9*v(G!v+_pv,CYv"v9aG}QRGyvtvZv+vQIh!vZvrsvZv+vQIGyvTv9bhGCTvAvGv+v=v?E]GCOLv;J
hG OGQIGCJvvTvv"vv?.$vvPgG}Yvv"vv9aG@vvO*vvOIGAvv9h*vv?fvv̂GyvvtvvOQIGyvvwvv9|vv"vv?Gyvvgvv9y+?yvvzvvjvv;d
(CvvDvQ<vwvDv+vQ|v#G}Yv"v9aGyvAvtvz+O*v?)hiv+vQGCTvAvGv+v=v?yvzvQsv9O<vgvO@vTv}v+vO$v9,<v9 \v9pv?E]
GyvvvgvvvO*vvvO|vvv#GyvvvTvvv}vvv9JG Kvvv9<vvv+?GyvvvAvvv,@vvv|$vvvzvvv%vvv9h@vvvTvvv}vvvKyvvv%vvv9<vvvRQGfvvvAvvv%vvv9|vvvhIvvvZvvv(dCh
IZ(y+#BLQ*#p,hIOIGCT9I?S"(*9

k
\}#|q%(eGyAwD+rGyRQGf,.

Ch:
k

:hGshGyj;dGyRQGf+?p,Gygt(OGyD;C?G}L+QI

yvtvO@vgvzv~GCGvAv}vhGyvOh[GyvRQGfv,<vgv̂GyvOQhSLv;dGyvgvtv(OGyvDv;Cv?GC9\v+v?,
Ivv+vvE@vv~GyvvAvvgvv9hfGyvvOh[pvv,Gyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?GyvvAvv,Svv9fvvOJfvv̂;vvtvv+vvu!vv}vv(
G !vvvAvvv9Fvvv+vvv?GyvvvRQGfvvv+vvv?.$vvvPgGyvvvOQhSh\

q
vvvJvvvBsvvv+vvv9OIGyvvvgvvvzvvv~yvvvzvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9hfvvv;svvvAvvv%vvv}vvv9

<9 !A9F+?,GyA,V}zBGy"t9WGyA9y+?:

1vvvvvE|w9!+?GAZ(df^Gyj;dGyg9y+?Cgd~GCJ9Y+{.

2vvvvv@vvzOGyvvqvv9FvvOIGyvv(GFvv>GAvvZvv(dfvvz+%vv9|vv#G !vvAvv9Fvv+vv?|vv#Gyvv=vvJvv(KGC}vv(yvv?Fvv+vvOG
k

hGCTvvvAvvv}vvvQIyvvvjvvv9*vvv?Gyvvv(Yvvv(dE]Gyvvvjvvv;dGyvvvgvvv9y+?.h$vvvPg@vvvAvvvavvvzvvv><vvvJvvv(Cvvv9
k

|vvvTvvvAvvv}vvvQIhFvvv+vvvOI
yz}J9pd?f^$PgGyj;dhG <t9Af^|TA(*979GCQ@qg?.

3vvvvv*vvv}vvvwvvv#@vvv(svvvhGyvvvqvvv(GFvvvOGCTvvvAvvvtvvv=vvvz+?yvvv5!vvvAvvv9Fvvv+vvv?fvvv=vvvQGyvvvAvvvOGLvvv{<vvv+#@vvvQ<vvv+?Gyvvv"vvv=vvv9J
h;T_GCJ9Y+{hGyAQ<?hEOGQIGC+9g.

4vvvvv@vvvtvvvOeG@vvv%vvv(OGC=vvvPhyvvv?pvvv,@vvvQ<vvv+?Gyvvv"vvv=vvv9Jh;vvvTvvv_GCJvvv9Yvvv+vvv{,pvvvqvvv,|vvvgvvvdvvv~
I9:J<J(KGA=(H;T"BGyj;dS"(*9

k
|9<+#1vvvvv2p,GC8?.
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5vvvvv|vvvvTvvvv9fvvvvOI<vvvvJvvvv(Khsvvvv9*vvvv?Gyvvvv"vvvv=vvvv9Jpvvvv,>vvvv9*vvvv?Gyvvvvjvvvv;dpvvvv,GAvvvvtvvvv{|vvvv#CLvvvvavvvv9Q
GAWQGJhG}|QGVhG6p9JG}LQi.

6vvvvvpvv,<vvJvv(KGAvv=vv(HFvv9AJGyvvqvv(GFvvOpvv,G !vvAvv9Fvv+vv?fvv=vvQGyvvAvvJvvTvv+"9Jpvv,GyvvQsvv~
Gyt+9S,yzJZ9O(!T=?GA=(HE]G}hQGbhGytX)hy+Up,R*9OIG !A9LGA+(j.

7vvvvvE|vwv9!v+?E_v9yv?GCJv9Yv+v{CvvDvQhCvvDvQhpvtv9
k

Av9:J!v}v($v9Vv9|vzv?:SvavKGyvAvQ<v?
G}|D{,GC9A,hI9:JGyatU.

8vvvvvCOiGyvvvAvvvgvvv9hfGyvvvgvvv9C,pvvv,Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?E]@vvv(pvvv+vvvQG}pvvvwvvv9QhGyvvvAvvvtvvv9!vvv9J
hhSvvv9Fvvv{GyvvvAvvvOQ*vvv>hGyvvvAvvv}vvv(*vvv{G}LvvvQi}!vvvdvvv}vvv?Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvv(_vvv"vvv+vvv?(National

Agricultural Research Systems (NARSs))hyPyx*AT9QY!}(G !A9F+?GyRQGf+?.

9vvvvvKvv>G|vvAvvOGOGyvv=vvJvv(K|vv#GCTvvAvv(*vv9JGyvv(_vv"vv+vv?E]GCTvvAvv(*vv9JGyvvgvv9C+vv?yvv]vv}vv9f
Gyq9FOIGyw=+QI@}+hGyWQv9A.

h@vvvvWvvvv+vvvvQGyvvvvOQhSGCTvvvvAvvvvqvvvv9O|vvvv"vvvv%vvvv9E]E|vvvvwvvvv9!vvvv+?G:SvvvvAvvvv}vvvvQGQpvvvv,;vvvvTvvvv_Gyvvvvjvvvv;d
hG !A9F+?,E:CfGy(\hy+U|Aq9F;

k
vz+?

k
v}9@d%QgGC;Id9JGyA9y+?:

vvvvvhYv(d<vgv̂GC"v9_vuG6Sv+v(*v?,h<vMv9Yv?pv,GC"v9_vuPGJGBv=vQIhpv,cvQha
GyvvAvvwvvDvv+vvrGCAvvRG*vvOI,E]E!vvAvv9L:|vvDvv+vv{yvv&EPEvvwvv"vvB$vvPgGC"vv9_vvu|vv#GAvvZvv(dfvv̂Cvv;Cvv?
I9Y+{S"(*?<gOCfv9!B@RQYIZ(:

k
hGIOG

k
ptb.

vvvvvCcv%vQJ!vAv9FvH<vgv̂Ivav9J<vJv(KG}QRhIvtv(dGCRGQfv_EVv9QGJfv̂Cv=v9J
|TA(*9Ji;dG}QRChIA)G!Mq9\%9.

vvvvvhFv(O<vgv̂GCWv9vv{pv,G !vAv9Fv+v?<v9@v=v9YGyvOhQIGyvRQGfv+v?CQRvvvvvsv}vKpv,<vgv̂
GC"9_uG6S+(*?.

vvvvvyvtvOGsvAvQMGyv=vgv̂<vzfvv;GCJvZv(y+#G}QRhGyvtv}vK,svOhYv;E]|vTvAv(*v9J
f9y+?,hCfGyjz?Gy=+(y(F+?sOhYzBIOhO$9Gy"%9F+?.

vvvvv*vv=vvOhCffvv9|vv{G !vvAvv9Fvv+vv?h<vvMvv9Yvv?pvv,Gyvvtvv}vvK,svvOCLvvPpvv,GyvvAvv"vv9svv[pvv,<vvgvv̂
GA9:Jp,BS+9.

yvtvOSvgvOGyvgv9D<vDv;Cv?fvtv(O|v#GyvR|v#|v#!v}v(G !vAv9Fv+v?GyvRQGfv+v?Gyvwv=v+vQIhLv9Yv?
pv,Gyvtv}vKhG}QR(hC*v]v9

k
pv,Iv9Yv+v{GAv=v(HG}LvQi),hIvZvzvB$vPgGyvR*v9OGJpv,

G !vAv9Fv+v?pv,GyvgvO*vO|v#GyvOhdGyv"v9|v+v?.h$v"v9!vQiC!qv&|v#Gyv]vQhQIGyvAvJvOKfv#Gyvjv;d
GyvvRQGfvv+vv?hC!vv(Gfvv%vv9|vv#Gyvv"vv9Ivv+vv?Gyvvgvvzvv}vv+vv?yvv"vvQiGyvv=vv(fGyvvWvv9Svvh|vv9<vv+#Gyvvjvv;dGC"vvAvvGvv?,
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h<vMv9Yv?pv,GyvOhdGyv"v9|v+v?,h|v9*v}vwv#GAvZv(dfvz+&yv(GSvAvMvO|vBGyvAvtv9!v9JGyvgvzv}v+v?,
h:S+q}9GAO*D?|"%9,<Ww{YJ+K.

C9!+9
k

:C!(GYGyj;dGyRQGf+?
*vvv(\vvvKGyvvvWvvvwvvv{Qsvvv~(8vvvvv1)CQ<vvvgvvv?C!vvv(GY|vvv#Gyvvvjvvv;dGyvvvAvvv,Kvvv>Cf*vvvQGfvvv+vvv%vvv9

Gyv=v9IvDv(f,@vTv}v)pv8v?Gyvjv;dG}h],<vjvzv?GCRQfv?(Farm Yield),h$v,fv=v9QIfv#Gyvjvzv?
GC"vvGvvRIIvv9y+9

k
hGC}vvwvv#E!vvGvv9R$vv9<vv9SvvAvvMvvOGeGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv9y+?.h<vvAvvzvvrivv;dGCRQfvv?

GAvvv9y+?fvvv9OIfvvv#ivvvzvvv?GCRQfvvv?Gyvvvgvvv}vvvz+?(Practical Farm Yield)GyvvvAvvv,*vvv}vvvwvvv#Cf;vvvZvvv{
fz+%9GCRQf?h*T})GyqQb<+"%}9<vvzpG(IGyj;d1y.

GyWw{Qs~(8vvvvv1)
C!(GYGyj;dGyRQGf+?hp8979hpG(G79

GCZvvvvvvvvvvvvvvvOQ:D. L. Plucknett, «Science and Agricultural Transformation IFPRI Lecture Series I,»

(Washington, DC, 1993).

!t;
k

f#:|g%OC<J9KG}QRGyg9C,.

h@vvvTvvv}vvv)pvvv8vvv?Gyvvvjvvv;dGyvvvDvvv9!vvv+?,<vvvjvvvzvvv?Ivvvavvv?G}<vvvJvvv9K(Research Station Yield),
hGC"vvvAvvvGvvv?pvvv,cvvvQha|vvvQGsvvv=vvv9Jfvvvzvvv}vvv+vvv?Osvvv+vvvtvvv?,CjCvvvvDvvvQ|vvv#GyvvvdvvvQhaGCJvvv+vvvavvv?<vvvjvvv;d
GCRQfv?ChGCRQfv?Gyvgv}vz+?.h*vTv}v)GyvqvQb<v+#ivzv?Ivav?G}<vJv9Khivzv?GCRQfv?Gyvgv}vz+?
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<vvvzpvGv(IGyvjv;d2y;h@vTv}v)pv8v?Gyvjv;dGyvDv9yvDv?,<v9yvjvz
q
v?Gyvtv+v9Sv+v?(Record Yield)h$v,

Cfvv̂ivvzvv?|vv"vvGvvRI;vvBcvvQhaGAvvtvv{,hivv9yvv=vv9
k

|vv9@vvwvv(fyvvOiGCRGQfvv_GCDvv9y+_Chpvv,
Ivav9JG}<vJv9K;hGyvqv8v?GyvQG<vgv?,hG}Lv+vQIyvzvjv;d@vTv}v)Gyvjvzv?Gyv"vdvQ*v?,h$v,fv=v9QI
fvvv#Gyvvvjvvvzvvv?GCJvvvTvvv(<vvv?vvvvzfvvv̂IvvvOyvvvzvvvtvvv(IGyvvvwvvv9|vvv"vvv?GAvvv+vvv(*vvv?}j|vvv(\vvvhCh|vvvwvvv9fRQGfvvv?.
h;vTv>fv9OI$vPgGyvjvzv?hpvtv9

k
Av+v(*v?Gyv"v=v9Jhyv=vgv̂GCtv9*v+vUG}LvQivv"v(fv+v?G}QV

h_vvv(d|vvv(Svvv~Gyvvv"vvv}vvv(.h@vvvwvvv(fGyvvvjvvvzvvv?Gyvvv"vvvdvvvQ*vvv?<vvvWvvvwvvv{fvvv9e,CvvvvDvvvQGQ@vvvqvvv9fvvv9
k

|vvv#Gyvvvjvvv;d
GAvvv9y+?,E:C!vvv&pvvv,<vvvgvvv̂GCJvvv9Yvvv+vvv{@vvvzOGyvvvjvvv;dGCTvvvGvvvzvvv?GC"vvvGvvvRI|vvvtvvv9Qp<vvv?yvvvzvvvjvvv;d
Gyvv"vvdvvQ*vv?,fvvzvv}vv9

k
<vvzfGyvvqvvQbGyvvR|vv"vv,<vv+"vv%vv}vv9IvvOO<vvgvvtvvO|vv#GyvvR|vv9fvvv}vv9*vvQi<vv;vvv"vv+vvB

(Plucknett)fvvvv9e1993(2).GyvvvvWvvvvwvvvv{Qsvvvv~(8vvvvv2)*vvvv(\vvvvK|vvvv%vvvv9eGyvvvv=vvvvJvvvv(KGyvvvvQFvvvv+vvvvTvvvv?
GCQ@vvv=vvvavvv?<vvvjvvv;dGCJvvv9Yvvv+vvv{.Ivvv+vvvE@vvvAvvv}vvvDvvv{GC%vvv}vvv?G}h]pvvv,EFvvvQGAGyvvv=vvvJvvv(KGyvvvOGfvvv}vvv?
yvzvjv;dGAv9y+?hGAv9h*v?yvzvqv(GFvOGyvTv9<vtv?,h@vTv}v)|vDv{$vPgGyv=vJv(K<v9yv=vJv(KGCJv9pvdv?

(Maintenance Research)
(3).h:*vvgvvAvv=vvQ$vvPGGyvv"vv(YFvv+vvOG

k
vvv(!vv&Lvv9pvvefvv̂Cvv=vv9JGyvvqvvwvvQI

hi9y=9
k

|9*g=Qf"&<9y=J(KGyQh@+"+?GyA,:<QLp,hGsg%9f#GAt+t?GCgQhp?.

GyWw{Qs~(8vvvvv2)
|%9eGy=J(KGyQF+T?GyD;C?GCAgzt?<AJT_i;dGCJ9Y+{

GCZOQ:G!dQ:GCZOQ!qT&!t;
k

f#|QvRC<J9KG}QRGyg9C,.

(2)D. L. Plucknett, «Science and Agricultural Transformation,» (IFPRI Lecture Series I,

Washington, DC, 1993).

(3)D. L. Plucknett and N. J. H. Smith, «Sustaining Agricultural Yields,» Biological Sciences,

vol. 36 (1986).
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yvvvtvvvOFvvvQi;vvvTvvv_fvvv̂GYvvvavvv;MGyvvv=vvvJvvv(KGCJvvv9pvvvdvvv?fvvv̂Gyvvvjvvv;dGAvvv9y+?<vvvJvvv+vvvE
C_vvzvvufvvz+%vv9vvv(y+"vvR(Collins)fvv9e1992<vvJvv(KGCJv9pvdv?fv̂G !vAv9Fv+v?(Productivity

Maintenance Research)Iv+vEfvQqpvB<vz8v9zC*v?<vJv(K@vAvavzv>GCJv9pvdv?fv̂|vTvAv(*v9J

G !vvvAvvv9Fvvv+vvv?GyvvvTvvv9<vvvtvvv?ChGAvvv9y+?|vvv#GyvvvAvvvjvvv+vvvQGJGyvvv=vvv+vvv8vvv+vvv?y.h@vvv"vvvTvvv><vvvJvvv(KGCJvvv9pvvvdvvv?fvvv̂
G !vAv9Fv+v?E]GAvtv+vtv?Gyvtv9Fvzv?:fv"vO|v9@vQ@vqvhGyvjv;dKv><vPdG@v%v(OGyv=vJvDv+v?yvzv}vJv9pvdv?
fvvz+%vv9hE<vvtvv9Fvv%vv9Cvv9<vvAvv?(fvv"vvO$vvPGG:Q@vvqvv9Y),h|vv"vvhG!vvJvvOGQ$vv9ChG!vvMvvqvv9\vv%vv9E]|vvTvvAvv(*vv9J

CO!v)}Sv=v9H|vgv+"?(vvR*v9OI|v%v9=v?G}|vQGVhG6pv9JCh!vtvZv9fGyvgv"v9YvQGyvjvPGFv+v?pv,
GyAQ<?ChR*9OIG:!D;ey=g^Gyg(G|{vJ9:JGy"}(!ZrGCD9y+?(4).

hyvvwvv,@vvwvv(f<vvJvv(KGCJvv9pvvdvv?fvv̂G !vvAvv9Fvv+vv?pvvgqvv9yvv?,@vvAvvavvzvv>vvv}vv+vv9JhGpvvQI|vv#
G}<J9KG}S9S+?hG:SAQG@+G+?hG}<J9KGCAtO|?.

h*vWvQMGyvWvwv{Qsv~(8vvvvv2)GC%v}v?GyvDv9!v+?yvzv=vJv(KhGCAvgvzvtv?<vTvOpvGv(GJGyvjvzv?

<vv+#Gyvvjvvzvv?GAvv9y+?hGyvvjvvzvv?Gyvvgvv}vvz+?yvvzvv}vvRQfvv?,h<vv+#ivv;dIvvavv?G}<vvJvv9K.h*vvAvvavvzvv>SvvO
pvvvGvvv(GJGyvvvjvvvzvvv?GCPvvvv(QI<vvvgvvv̂G}<vvvJvvv9KG:SvvvAvvvQG@vvv+Gvvv+vvv?h<vvvMvvv9Yvvv?G}<vvvJvvv9KGCAvvvtvvvO|vvv?
hG}<J9KGCA="9I.

1vvvvvGyj;dGy"dQ*?G}f^

vvv~@vvTvvAvvavv+vvhGyvvjvv;dCf@vvROGO?hvvv+vvr*vv}vvwvv#Gyvvgvv9DGyvv(Yvv(dE]Gyvvtvv(IGyvvwvv9|vv"vv?
Gy=+(y(F+?G}f^p,i;dGCJ9Y+{?

pvv,ChGFvv{GyvvTvv=vvgvv+"+vv9J@vvgvv%vvOpvvQ*vvu|vv#Gyvv=vv9IvvDvv_G}C9fpvv,vvvzvv}vv97vv~GBvv9Yvv?GyvvAvvRGe
GyvvAvvtvvQ*vvQG6O:zG !vvAvv9LGyvvjvvPGFvv,Gyvvgvv9C,G}fvv̂GCavvzvvuhGAvvOG}fvv̂C9*vv}vvwvv#Cf*vv"vv}vv(
fvvv̂G}QVGyvvvRQGfvvv+vvv?GC;Fvvv}vvv?y(5).hyvvvAvvvJvvvtvvv+vvvuPyvvvxpvvvtvvvOsvvvOQGyvvvqvvvQ*vvvuG}C9PGCPvvvv(Q
Gyj;dGy"dQ*?G}f^GC}w#@(GpQ$9yz}J9Y+{.

hyvvtvvOIvvTvv=vvBGyvvjvv;dGyvv"vvdvvQ*vv?<vv9SvvAvvMvvOGeG}h\vv9YGCDvv9y+?(vvv]vv(AGyvvWvv}vvU,
hGC9AhGyvvvvgvvvv"vvvv9YvvvvQGyvvvvjvvvvPGFvvvv+vvvv?,h|vvvv#OhfEYvvvv9<vvvv9JGAvvvvWvvvvQGJhG}|vvvvQGV...EyvvvvN).

(4)M. I. Collins, Productivity Maintenance Research and Research Deterioration: Concept and

Evidence (Washington, DC: Agricultural Economics Association, 1992).

(5)H. Linneman [et al.], «Potential World Food Production,» in: MOIRA. Model of International

Relations in Agriculture. Report of the Project Group on Food for a Doubling World Population

(Amsterdam: North-Holland, 1979).
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hf=qQhGf#Gyj;dGyw9|"?<Ww{|g9OdGA=(H(Grain Equivalents)
(6).

G@vvvvOhdQsvvvv~(8vvvvv1)*vvvv(\vvvvKG !vvvvAvvvv9LG}fvvvv̂,vvvvv}vvvvgvvvv9OdGAvvvv=vvvv(H,pvvvv,SvvvvB
Hvv}vv(fvv9J|vv#G}QG\vv,GyvvRQGfvv+vv?Yvv"vvqvvB<vvJvvTvv>G !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?,Ivv+vvEsvvOQJ
G}QVPGJGyvvtvv(IG !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?Gyvvgvv9y+?FvvOG

k
yvvAvvwvv(fGyvvjvvzvv?Gyvv"vvdvvQ*vv?pvv+vv%vv9CvvvDvvQ|vv#

25000vvk|v#|vgv9OdGAv=v(Hpv,Gyv%vwvAv9QSv"v(*v9
k

(h@vgv9Od$vPgGyvwv}v+v?400<v(Vv{/
E*wQ|#Gyt}KChGyPQI)(7).

G@OhdQs~(8vvvvv1)
G !A9LG}f^<Ww{|g9OdI=(HyTBH}(f9J|#G}QG\,GyRQGf+?

|Z"q?<JT>E!A9F+A%9Gyw9|"?
OQF?G}QVG !A9F+?Gyw9|"?G !A9LG}f^|g9OdGA=(Hy~QVGyRQGf+?

(vk|g9OdGA=(H/$wA9Q/GyT"?)

If9y+?FOG
k

FOG
k

CvDQ|#25000

IIf9y+?FOG
k

|#20001vvvvv25000

IIIf9y+?|#15001vvvvv20000

IV|A(Sa?|#10001vvvvv15000

V|"Mq]?|#5001vvvvv10000

VI|"Mq]?FOG
k

Cs{Ch*T9hj5000

GCZvvvvvvvvvvvvvvvOQ:H. Linneman [et al.], «Potential World Food Production,» in: MOIRA. Model of

International Relations in Agriculture. Report of the Project Group on Food for a Doubling World Population

(Amsterdam: North-Holland, 1979).

G@vvvOhdQsvvv~(8vvvvv2)*vvv=vvv_G !vvvAvvv9LGCavvvzvvvuCgvvv9OdGAvvv=vvv(H<vvv9yvvv%vvvwvvvAvvv9Qyvvv~svvv9y+~
Gyvvvgvvv9C+vvv?GCJvvvTvvv(<vvv?|vvv#svvv=vvv{Gyvvv=vvv9IvvvDvvv_.h!vvv;Ivvvepvvv+vvv&GLvvvAvvv;pvvv9JhG\vvvJvvv?<vvv+#Gyvvvtvvv9QGJ
hG}svvvv9y+~Gyvvvvgvvvv9C+vvvv?,h@vvvvgvvvv(O$vvvvPgG:LvvvvAvvvv;pvvvv9JE]@vvvv=vvvv9*vvvv#!vvvv(fvvvv+vvvv?G}QG\vvvv,hG Vvvvvgvvvv9Y
GyvvvWvvv}vvvTvvv,hfvvvOOC*vvv9e!vvv}vvv(GCJvvvZvvv(dhGyvvvgvvv(G|vvv{G}LvvvQiGC|CvvvQIfvvv̂GyvvvtvvvOQIGyvvvwvvv9|vvv"vvv?
y5!A9L.

(6)GCZOQ!qT&.

(7)hGIvO(1)<v(Vv{*vgv9Od27,2vvk|v#Gyvtv}vK,Ch25,4vvk|v#GyvPQICh21,77vvk|v#GyvWvgv+vQ,Ch
14,5vk|#GyW(p9fv}9*g9OdG *wQ0,42$wA9Q.
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h*vvvvv;Ivvvvve|vvvvv#G@vvvvvOhdGCPvvvvvv(QC*vvvvv]vvvvv9
k

Cfvvvvvv;
k
|vvvvv#ChQh<vvvvv9hCSvvvvvAvvvvvQGy+9hC|vvvvvQ*vvvvvwvvvvv9

GyvvWvv}vv9y+?,Ivv+vvE@vvTvv(OGyvvRQGfvv?Gyvvgvvzvv}vv+vv?hGyvvjvv;dGyvvgvv9y+?yvvzvvgvvO*vvO|vv#GCJvv9Yvv+vv{,y+TvvB
$vv,G}fvv̂pvv,Gyvvtvv(IGyvvwvv9|vv"vv?Gyvv"vvdvvQ*vv?.yvvtvvOhFvvOJhIvvTvv=vvBGyvvtvv(IGyvvwvv9|vv"vv?G}fvv̂,
hCCvvv9QO$vvvWvvv?GyvvvgvvvO*vvvO|vvv#Gyvvv=vvv9IvvvDvvv_hFvvv(OGyvvvtvvv(IGyvvvwvvv9|vvv"vvv?Gyvvvgvvv9y+?pvvv,CpvvvQ*vvvtvvv+vvv9,fvvv"vvvO|vvv9
:Ivvdvv(G|vvTvvAvv(*vv9JG !vvAvv9Fvv+vv?GAvv9y+?yvvAvvzvvxGyvvtvv9QI.h@vvAvv}vvDvv{Gyvv"vvtvvavv?GC%vv}vv?$vv"vv9pvv,Cf
GAvvOq*vv?(Margin)<vv+#G !vvAvv9Fvv+vv?Gyvvwvv9|vv"vv?(Potential Productivity),hG !vvAvv9Fvv+vv?Gyvvqvvgvvz+?

(Actual Productivity)(vvvv}vvv9svvv+vvvTvvvB<vvvjvvv;dGCRQfvvv?)hGSvvvgvvv?hvvvv=vvv+vvvQIFvvvOG
k
yvvv%vvvPgGyvvvtvvv9QI.

hpvvv,Ivvv9d@vvv(GpvvvQG}!vvvdvvv}vvv?G OGQ*vvv?hGCTvvvAvvv(*vvv9JGyvvvAvvvtvvv"vvv+vvv?,*vvv}vvvwvvv#GAvvvZvvv(dfvvv̂pvvv(GFvvvO
G !A9F+?GC(F=?.

G@OhdQs~(8vvvvv2)
G !A9LG}f^Gy"dQjCg9OdGA=(H(<9y%wA9Q)}s9y+~Gyg9D

G sz+~|A(SbG !A9LG}f^(|g9OdGA=(H)(*)

(vk/$vvvv/GyT"?)(_#/$vvvv)

C|Q*w9G@"(<+?1801418,0

CpQ*t+91425914,2

BS+91318213,1

C|Q*w9GyW}9y+?hGy(Sa)1125011,2

ChQh<91045410,4

CSAQGy+91044710,4

|A(SbGCG}(Y(Gyg9D)1336813,3

|v;Ivdv?:(*)|vvAvv(SvvbGyvvAvvtvvO*vvQGJGyvvAvvqvvZvv+vvz+?}svv9y+~GyvvAvvQ<vv?fvvOGG !vvAvv9Lpvv,Gyvvtvv(IGyvvwvv9|vv"vv?yvv~QG\vv,ivv+vvQ
Gyt9<z?yzQj}|Q*w9Gy;@+"+?Ch:

k
,C~CpQ*t+9p5S+9.

GCZOQ:GCZOQ!qT&.

*vvv}vvvwvvv#G:SvvvAvvvMvvv;U|vvv#GC"vvv9svvvWvvv?GyvvvTvvv9<vvvtvvv?<vvvzf$vvv"vvv9cIvvvOq*vvv?hGSvvvgvvv?<vvv+#Gyvvvjvvv;d
GAvv9y+?GCOQvvv?h<vv+#Gyvvjvv;dGyvv"vvdvvQ*vv?.G@vvOhdQsvv~(8vvvvv3)*vv(\vvK|vvAvv(Svvavv9JGyvvjvvzvv?
Gyvvgvv9C+vv?hGyvvgvvQ<vv+?yvv=vvgvv̂Ivv9Yvv+vv{GAvv=vv(HLvv;dGyvvqvvAvvQI1990vvvvv1992/2002,h|vv"vv&
*vvv;Ivvve@vvvqvvv(bGyvvvjvvvzvvv?GyvvvgvvvQ<vvv+?CJvvv9Yvvv+vvv{G}QRhGyvvvPQIGyvvvWvvv9|vvv,|vvvtvvv9<vvv{G!vvvMvvvqvvv9\vvv%vvv9pvvv,
I9Y+{GA=(HG}LQi.
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G@OhdQs~(8vvvvv3)
|A(SbG !A9LGyg9C,hGygQN}$~I9Y+{GA=(HL;dGyqAQI1990vvvvv2002

GCJZ(dGyjz?(_#/$vvvv/GyT"?)

Gy(_#GygQN(2002)Gyg9D(|A(Sb1992vvvvv1995)

Gyt}K2,2452,500

G}QR8,6173,500

GyPQIGyW9|,4,7063,800

GyWg+Q0,8232,300

GyPQIGyQp+g?0,5900,700

=z?GA=(H1,728vvvvv

GCZvvvvvvvvvvvvvOQGf:Food and Agriculture Organization (FAO), Production Yearbook 1992 (Rome: FAO,

1991), and

GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,GyvwvAv9HGyvTv"v(jyv5IvZv9AGJGyvRQGfv+v?GyvgvQ<v+?:GCGvzvO23(GBvvQ_vv(e:
GC"d}?,2003).

2vvvvvGyjz?GC"azt?
|vv#GCgvvQhaCf|vvTvvAvv(*vv9JGyvvjvv;dpvv,|vvgvvdvv~GyvvOhd@vvtvvh<vvgvv+vvOG

k
fvv#Gyvvtvv(IGyvvwvv9|vv"vv?

Gy"dQ*?yzj;d.EPGv+r*}w#GyOhdCf@AJQcp(b|"J")Gyjz?y~f^?

Lv;dGyvAv9Q*vNGyvRQGfv,D*vROGyvQ<vKChGyvwvTv>|v#E!vAv9Fv+v?GCJvZv(dSv"v(*v9
k

fv#2vvvvv
15vvvk/$vvwvvAvv9QCj1pvv,GC8vv?ChCsvv{.h*vvgvvAvv=vvQ$vvPGGyvvQ<vvKChGCwvvTvv>IvvOhOFvvOG

k
h<vvMvv9Yvv?

|vhGyv"vTv=v?GCQ@vqvgv?hGCTvAv}vQIpv,CfvOGOGyvTvwv9fh|vAvavzv=v97v~GyvjvPGFv+v?.yvtvOGsvAvQMGyvgv9DS.
J.Oh*vvvB(C. T. de Wit)Gyvvv%vvv(yvvv"vvvOjhR|vvv;Dgfvvv9e1979<vvvzfGCJvvvOOGJG:svvvAvvvZvvv9O*vvv?
hG:FvvAvv}vv9fvv+vv?fvv̂!vv}vv(E!vvAvv9Fvv+vv?GyvvRQGfvv?$vv,GyvvTvv=vv>pvv,<vvtvv9A|vvAvv(SvvbGyvvQ<vvKChGyvvwvvTvv>|vv#
Gyvvjvv;d|vv"vvMvvqvv]vv9

k
,Cj<vv}vvgvvOdR*vv9OISvv"vv(j|vv"vvMvvqvv̂FvvOG

k
.h*vvgvvAvv=vvQGyvvgvv9DGCPvvv(QhR|vv;Dg

Cf|vvvvTvvvvAvvvv(iGyvvvvjvvvvzvvvv?1700vvvvvk/$vvvvvvvv/Svvvv"vvvv(*vvvv9
k

,!vvvvtvvvvavvvv?;vvvv(d(Transition Point)pvvvv,!vvvv}vvvv(
G !vAv9Fv+v?pv,GyvRQGfv?,pvgv"vO|v9@vwv(fG !vAv9Fv+v?Ohf|vTvAv(iGyvjvzv?vv"vtvav?;v(d,CjOhf

1700vvvk/$vvvvvv/Svv"vv(*vv9
k

,*vv=vvOhCf|vvgvvOdGyvvR*vv9OIGyvvTvv"vv(*vv?pvv,Gyvvjvvzvv?yvv#*vvR*vvOfvv#17vvvk/
$vvvvvvv;hfvvv"vvvO|vvv9@vvvwvvv(fG !vvvAvvv9Fvvv+vvv?pvvv(b|vvvTvvvAvvv(i!vvvtvvvavvv?GyvvvAvvvJvvv(dCjpvvv(b1700vvvvk/$vvvvvvv/
Svv"vv(*vv9

k
,*vv=vvOhCf|vvgvvOdGyvvR*vv9OIGyvvTvv"vv(*vv?pvv,Gyvvjvvzvv?Svv+vvtvvqvvRE]50vvvvv85vvvk/$vvwvvAvv9Q,Cj

R*vvv9OI|vvv9<vvv+#4vvvvv5pvvv,GC8vvv?.yvvvtvvvOGfvvvAvvv=vvvQGyvvvgvvv9DGCPvvvv(QhR|vvv;DgCf|vvvgvvvOdGyvvvjvvvzvvv?1700
vvvk/$vvvvvv/Svv"vv(*vv9

k
*vv}vvDvv{!vv(fvv9

k
|vv#GyvvAvvJvv(d|vv#zGyvvRQGfvv?GyvvAvvtvvz+O*vv?PGJGCMvvQFvv9JG !vvAvv9Fvv+vv?
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GCJvvOhOI,E]GyvvRQGfvv?GAvvO*vvDvv?PGJGCOLvv;JGyvv(GpvvQIyvvzvv}vv(GQOGC"vvAvvGvv?y,hC_vvzvvufvv̂
$vvPgGyvvdvv9$vvQI<vv9yvvjvvz

q
vv?GC"vvavvzvvtvv?*vv+vvzvvO@vv9cCha(Yield Takeoff)

(8).hsvvOfvvQqay+TvvAvvQ<vvQGhf
(Lester Brown)fvvv9e1972$vvvPgGyvvvjvvvzvvv?pvvvtvvv9d:z$vvv,GyvvvAvvvJvvv(dGCqvvv9Fvvvr|vvv#Ivvv9yvvv?Gyvvvjvvv;d

GyvvtvvQ*vv=vv?|vv#GyvvTvvwvv(fE]GAvv9yvv?GCAvvTvv9Qfvv?pvv,GyvvR*vv9OIy(9).hyvvtvvOfovvOqd$vvPGGyvvAvvgvvQ*vvrvvv}vv+vv9
k

vv96O:Gyvjvzv?GC"vavzvtv?$v,GyvR*v9OIGCqv9Fv8v?hGC}v+vRIpv,iv;dGCJvZv(dGyv(Gsvgv?<v+#Iv9yv?
Gyvjv;dGyvtvQ*v=v?|v#GyvTvwv(fhIv9yv?Gyvjv;dGCAvTv9Qfv?pv,GyvR*v9OIGCTvAv}vQIh<v}vAv(Svb|vgvOd
S"(j*t9QH30vk/$vvvv/GyT"?hCOI?US"(GJChCvDQ.

yvvOi;vvz+{Gyvvjvv;dyvvgvvOOvvv=vv+vvQ|vv#GCJvv9Yvv+vv{hGyvvOhd|vv#svv=vv{Gyvv=vv9IvvE<vv;vvv"vv+vvB
fvvv9e1993Cvvv=vvvAvvvBYvvvJvvv?|vvvqvvv%vvv(eGyvvvjvvvzvvv?GC"vvvavvvzvvvtvvv?Ch!vvvtvvvavvv?G!vvvavvv;bGyvvvjvvvzvvv?,E:C!vvv&y+U
hG\vvJvv9

k
Cf|vvTvvAvv(iGyvvjvvzvv?GCAvvMvvP(1700vvvk/$vvvvvv/GyvvTvv"vv?)$vv(!vvtvvavv?GyvvAvvJvv(dChGC|VvvQ

fvvv̂G!vvvavvv;bGyvvvjvvvzvvv?.pvvvtvvvOcvvv%vvvQJ<vvvgvvv̂Gyvvvjvvv;dGC"vvvavvvzvvvtvvv?OhfGyvvvvvvv1700vvvvk/$vvvvvvv,pvvvqvvv,
GyvZv_|vDv;

k
cv%vQJGyvjvzv?GC"vavzvtv?yvzvJv=v(Hfv"vO600vvk/$vvvvv;hpv,Gyv%v"vOcv%vQJGyvjvzv?

GC"vvavvzvvtvv?yvvzvv}vvJvvZvv(d!vvqvvTvv&fvv9e1968fvv"vvO|vvTvvAvv(iCSvv9Svv,yvvzvvjvvzvv?svvOQg800vvvk/$vvvvvv/
GyvvTvv"vv?,h|vvgvvavv+vv9

k
R*vv9OISvv"vv(*vv?svvOQ$vv954vvvk/$vvvvIvvAvv)fvv9e1990vvv}vv9$vv(|vv(\vvKpvv,

G@OhdQs~(8vvvvv4)(10).

|vv#GCJvvAvv}vv{fvvOeEvvwvv#Gyvv=vv9IvvDvv_|vv#EKvv9O!vvtvvavv?;vv(dyvvzvvjvvzvv?GC"vvavvzvvtvv?,hGIvvOI
@vv}vv+vvhGCJvv9Yvv+vv{pvv,=vv+vvhGyvvOhdh:IvvAvv)yvvzvv}vvJvvZvv(dGyvv(GIvvOpvv,=vv+vvhGyvvOhd.hyvvwvv#
GC%v~pv,$vPGGCGv9d$v(hFv(OGyvjvzv?GC"vavzvtv?h$v,EVv9QIfv̂<vOA;v(dh\vhG !vAv9Fv+v?
pvv,svvavvQ|vvgvv_.$vvPGh*vvgvvavv,G@vvOhdGyvvTvv9<vvuC|vvDvvzvv?yvvzvvjvv;dGC"vvavvzvvtvv?h|vvgvvO:JGyvvwvvTvv>
p,GygO*O|#OhdGyg9D

@vvgvvAvv=vvQGyvvZvv_hGyvv%vv"vvO|vvDvv9y+#Fvv+vvO*vv#yvvzvvOhdGyvvAvv,*vvgvv(Opvv+vv%vv9Gyvv"vv}vv(GyvvRQGfvv,E]
GyvvAvvJvvTvv+"9JGyvvwvv=vv+vvQIpvv,Gyvvjvv;dGBvv9Yvv?<vv9CJvv9Yvv+vv{GyvvQFvv+vvTvv?,pvv9@vvOhdQsvv~(8vvvvv4)
*vvgvvQV|vv"vvGvvRGJGyvvjvvzvv?GAvv9y+?yvvwvv{|vv#Gyvvtvv}vvKhG}QRpvv+vv%vv}vv9Lvv;dGyvvqvvAvvQI(1949vvvvv

1992)@vvvtvvvQ*vvv=vvv9
k
.pvvv,GyvvvZvvv_*vvv=vvvOhCfGyvvvjvvvzvvv?GC"vvvavvvzvvvtvvv?yvvvzvvvtvvv}vvvKsvvvO<vvvOCJfvvv9e1951Cvvv~

G!vvMvvqvv]vvB<vvJvvOILvv;dGC(Svv~1960vvvvv1961,(Ivv+vvEvvv9!vvBGyvvjvvzvv?600vvvk/$vvvvvv).

(8)C. T. de Wit, H. H. Van Laar and H. van Keulen, «Physiological Potential of Crop

Production,» in: J. Sneep and A. J. T. Hendriksen, eds., Plant Breeding Perspectives (Wageningen, The

Netherlands: PUDO, 1979).

(9)Lester R. Brown, Seeds of Change: The Green Revolution and Development in the 1970’s (New

York: Praeger, 1972).

(10)Plucknett, «Science and Agricultural Transformation».
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h<vvvgvvvO$vvvPGG:!vvvMvvvqvvv9Vyvvvzvvvgvvv9eGCPvvvv(Q<vvvOC!vvv}vvv(Gyvvvjvvvzvvv?*vvvROGO<vvvDvvv=vvv9JIvvvAvvv)fvvv9e1992,
I+E:9hR|gOdGyj;d3200vk/$vvvv(11).

h@vvWvv+vvQGCgvvzvv(|vv9JGCAvv(GpvvQI<vvzfGyvvZvv_svvOhYvvzvvBpvv+vv%vv9Gyvvjvvzvv?GC"vvavvzvvtvv?yvv~QRsvv=vv{
fvv9e1949.h|vvh!vv}vv(pvv,Gyvvjvvzvv?GC"vv9Svv=vv?,|vv#fvv9e1949hIvvAvv)fvv9e1957,<vv}vvgvvOd
Svv"vv(j*vvtvv9QHGyvvvvv50vvvk/$vvvvvv,vvv}vv9$vv(GAvv9dpvv,Gyvvtvv}vvK,|vvAvv=vv(fvv9

k
<vv9!vvMvvqvv9VGyvvjvvzvv?E]

2000vvvvk/$vvvvvvv/GyvvvTvvv"vvv?pvvv,fvvv9|vvv,1960h1961.hfvvv̂vvvv{Ivvv9d,hvvvv}vvv9pvvv,Ivvv9yvvv?
Gyvvvtvvv}vvvK,IvvvZvvvzvvvBGyvvvZvvv_|vvv"vvvP|vvv(Svvv~1960vvvvv1961hIvvvAvvv)fvvv9e1992fvvv̂!vvv}vvv(
Cv9<vB,<vJv+vEhYv{|vAv(SvbGyvjv;d}vvDvQ|v#5800vvk/$vvv,Cj<v}vgvOd!v}v(Sv"v(j
|vv#GyvvQ<vvK*vvR*vvOfvv#120vvvk/$vvvvvv.vvv}vv9RGO|vvgvvOdivv;dG}QRpvv,GyvvZvv_|vv"vvP1972vvvvv

1981E]1990vvvvv1992f#140vk/$vvvv/GyT"?(GyWw{Qs~(8vvvvv3))(12).

D@vv=vvOCGyvvjvvzvv?GC"vvavvzvvtvv?h;vvTvv_Gyvvjvv;dGyvvOQG|vv9@vv+wvv,pvv,Gyvvtvv}vvKhG}QRpvv,BSvv+vv9|vvh
GyvvvvvDvvvvv(QIGBvvvvv]vvvvvQGAvvvvvv}vvvvv9$vvvvv(GAvvvvv9dpvvvvv,GyvvvvvOhdGCAvvvvvavvvvv(QI(ChQh<vvvvv9hC|vvvvvQ*vvvvvwvvvvv9GyvvvvvWvvvvv}vvvvv9y+?
hChsvv+vv9!vv(Svv+vv9),hE!vv}vv9<vvOCJpvv,Gy+9<vv9f,vvv}vv9GfvvAvvtvvOGyvvgvv9DOhh*vvBpvv,IvvZvv(dG}QR
<v+#fv9e1880h<vOG*v?GAvQHGyvgv9C+v?G}h].hLv;d$vPgGCOIC!vGvRJGy+9<v9fpv,ivzv?
GCJvvZvv(dGCPvvv(QGyvvTvv"vv(*vv?|vv9*vvgvv9Od40vvvk/$vvvvvv,E:Cf$vvPgGyvvjvvzvv?!vv}vvB<vv=vvbAVvvO*vvO
<vvv+#GAvvvQ<vvv+#Gyvvvgvvv9C+vvvAvvv_,Cj<vvv}vvvgvvvOd10vvvvk/$vvvvvvv/GyvvvTvvv"vvv?.h<vvvgvvvOGAvvvQHGyvvvgvvv9C+vvv?GyvvvDvvv9!vvv+?
fvvv9OJGyvvvjvvvzvvv?GC"vvvavvvzvvvtvvv?Cvvv9!vvv+?pvvv,IvvvZvvv(dG}QRyvvv;!vvvavvv;bpvvv,Gy+9<vvv9fpvvv(YvvvzvvvBGyvvvjvvvzvvv?
GyvvTvv"vv(*vv?E]3_vv#/$vvvvLvv;d40fvv9|vv9

k
.hLvv;dfvvtvvOGyvvDvv}vv9!vv+"vv+vv9J(|vv#1979vvvvv1981

E]1989vvvvv1991)hYvv{|vvAvv(SvvbGyvvQ<vvKyvvjvvzvv?G}QRpvv,$vvPgGyvvOhyvv?yvvvv40vvvk/$vvvvvv/
GyvvTvv"vv?.h<vv9yvvQivv~|vv#Cf$vvPgGyvvjvvzvv?y+TvvB|vvQ@vvqvvgvv?hpvvtvv9

k
yvvzvv}vvtvv+vv9SGyvvgvv9C,GAvv9[,E:C8vv9

|vvtvv=vv(yvv?hIvvAvvQ|vv?,EP@vvtvvOQ<vvvv1000vvvk_vv#)vvv{25Svv"vv?h<vv9yvvAvv9[hYvvzvvBE]6200
vvvvk/$vvvvv<vvv9CAvvv(Svvvbfvvv9e1992.hfvvvRiEVvvv+vvvRhvvvv9(Ishizuka)!vvvGvvv9MGy+9<vvv9fpvvv,G}QRE]
GyvvAvvJvvTvv+"9JGyvvgvvzvv}vv+vv?GCAvv"vv(fvv?vvv9SvvAvvMvvOGeG}Svv}vvOIGyvvwvv+vv}vv+vv9Fvv+vv?h;vvTvv_|vvtvv9*vv+vvUhsvv9*vv?
Gyv"v=v9JhGyvAvwv9|v{pv,GyvAvJvTv+"9JG OGQ*v?Gyvgv}vz+?,CjE]vv{|v9*vAvgvzvuCh*vAv(svrfv̂
Gy=J(KGygz}+?(13).

(11)GCZOQ!qT&.
(12)GCZOQ!qT&.
(13)G!vvdvvQ:W. Hunter Colby, Frederick W. Crook and Shwu-Eng Webb, «Agricultural Statistics

of the People’s Republic of China, 1949-1990,» (Statistical Bulletin, no. 844, USDA, ERS, December

1992), and Y. Ishizuka, «Engineerng for Higher Yields,» in: RC Dinauer, ed., Physiological Aspects of

Crop Yield (Madison, Wisconsin: American Society of Agronomy, 1969).
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3vvvvvGyjz?Gyw9|"?
fvvQqaE*vvqvv9!vvR(Evans)fvv9e1981Gyvvjvvzvv?Gyvvwvv9|vv"vv?<vvvvvzGyvvjvvzvv?Gyvv"vv9:vv?fvv#!vv}vv(GyvvRQGfvv?

pvv,Gyvv=vv+vv8vv9JGCAvv=vv"vv9I|vvh@vv(GpvvQGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?hGC9AGyvvwvv9pvv,hGCQGsvv=vv?Gyvvqvvgvv9yvv?yvvwvv{|vv#
G6pvv9JhG}|vvQGVhGAvvWvvQGJh|vvgvv9@vv?Gyvv=vvPGQh=vv+vvhGyvv"vvWvv9_vv9JGC|CvvQIfvv̂Gyvv"vv}vv(y.
h*vvv}vvvwvvv#;vvvtvvv+vvvuGyvvvjvvvzvvv?Gyvvvwvvv9|vvv"vvv?<vvvqvvv]vvv{@vvvQ<vvv+?Gyvvv"vvv=vvv9J.yvvvtvvvOCOJGyvvvAvvvJvvvTvvv+"9JGyvvv(QGCvvv+vvv?
yvvzvv}vvJvv9Yvv+vv{pvv,GyvvOhdGCAvvavv(QIh<vvMvv9Yvv?GAvv=vv(HE]R*vv9OGJpvv,Gyvvjvvzvv?GyvvTvv"vv(*vv?|vv9<vv+#
1vvvv2p,GC8?(14).

GyWw{Qs~(8vvvvv3)
i;dGyt}KhG}QRp,GyZ_L;dGyqAQI1949vvvvv1993

GCZvvvvvvvvvvvvvvvOQGf:C. T. de Wit, H. H. Van Laar and H. van Keulen, «Physiological Potential of Crop

Production,» in: J. Sneep and A. J. T. Hendriksen, eds., Plant Breeding Perspectives (Wageningen, The

Netherlands: PUDO, 1979), and FAO, Production Yearbook 1992.

(14)G!vvvvvvvvvvvvvvvvvvvdvvvvvvvvvvvvvvvvvvvQ:L. T. Evans, «Yield Improvement in Wheat: Empirical or Analytical?,» in: L. T.

Evans and W. J. Peacock, eds., Wheat Science–Today and Tomorrow (Cambridge, MA: Cambridge

University Press, 1981), and N. L. Innes, «The Contribution from Conventional Plant Breeding,»

Biological Sciences, vol. 3, no. 4 (1992).
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G@OhdQs~(8vvvvv4)
|gO:JQ<KGyjz?p,I9Y+{Gyt}KhG}QRhGyPQI,

s={h<gOiz?G:!a;by=g^GyOhdp,Gyg9D
GCJZ(d|gOdGyQ<K|gOdGyjz?(vk/$vv)S"?

G:!a;b
GyOhy?

<gO

G:!a;b
s={

G:!a;b
19901961

Gyt}vvvvvvvK

+75+4-+56,955-1950G!wzAQG

+44+2-+32,656-1950Gy(:*9JGCAJOI

+91YqQ3,2006001950GyZ_

+74+5-+102,8008001964CC9!+9

+54+5-+102,2008001966Gy%"O

+128YqQ5,3002,5001969|ZQ

+121+204,3001,8001971v(Q*9GyW}9y+?

+285+408,2003,4001976G*Qy"OG

+260+304,9001,5001980GyTg(O*?

+100+212,2008001982Gy=9QGi(Gj

+175+103,0001,3501983@W+\

G}QR

+95YqQ4,1002,0001966v(y(|=+9

+195-298,2004,5001967v(Q*9GyW}9y+?

+111+0,54,4001,8001967E!Oh!+T+9

+67YqQ2,3508001967:hhS

+68+72,8001,2501968Gyq+z+=_

+50YqQ2,7001,5001968Gy%"O

+68-123,2001,8501969p++A"9e

+81+323,3001,4001971p"Rh*;

+88+153,2001,4001973v(<9

+59YqQ2,9001,6001973|9!+}9Q

+113YqQ3,0006001975Gyw9|+Qhf

+80YqQ2,2001,2001980GyT+"+j9d

*A=vvvvvvvvvvvvvvvvvh
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@9<vvvvvvvvvvvvvvvvvh

+148+192,5001,3001982$"OhQGS

+241-302,2008001984i(*9!9

+410-213,0001,1001985@W9O

GyvvvvPQI

+126YqQ7,4004,0001937Gy(:*9JGCAJOI

+100vvvvv4,2001,2001961GyZ_

+184+207,6003,3001965E*a9y+9

+113+254,7001,0601965Cy=9!+9

+45YqQ1,6005001966<+z+Rj

+169YqQ6,4002,4001967GS=9!+9

+168YqQ-24,2007001967v(Q*9GyW}9y+?

+119+104,0001,4001969@Qv+9

+64YqQ2,2501,1001973p"Rh*;

+45YqQ1,5007801974@"RG!+9

+300+308,2002,0001982@W+\

GCZvvvvvvvvvvvvvvvOQ:D. L. Plucknett, «Science and Agricultural Transformation,» (IFPRI Lecture Series I,

Washington, DC, 1993).

hKvv>fvv̂Gyvvgvvzvv}vv9A|vvgvvQpvv?GAvvOhOGyvvgvvz+9yvvjvvzvv?vvv{IvvZvv(dh*vv}vvw
x
vv"vv%vv~Pyvvx|vv#

;vO*vOC$vOGpv%v~pv,Gyv"vdv~G !vAv9Fv+v?,pvgv"vO|v9*v=vOhCfGyvjvzv?Gyvwv9|v"v?CJvZv(d|v9SvAvZv{
E]IvOm|vgv_,!vJvAv9L$v"v9E]G$vAv}v9eLv9U|vQv

q
vR Kv9O_vQbyvAvJvTv_Gyvjvzv?Gyvwv9|v"v?,

pv=v9yv"vTv=v?E]IvZv(dG}QRD@vAvjv+vQivzvAv&Gyvwv9|v"v?vvDv+vQG
k

Lv;dGyvvvv25Sv"v?GC9\v+v?.h@vgvAv=vQ
ivv;d$vvPGGCJvvZvv(dCvvvDvvQGSvvAvvtvvQGQG

k
Gy+(e<vvTvv=vv>GCtvv9h|vv?Gyvv(QGCvv+vv?yvv~|vvQGVhG6pvv9J

GCAvvgvvOOI,h<vvTvv=vv>svv(IG}Yvv"vv9aGyvvwvv=vv+vvQIyvvzvv"vv}vv(pvv,GAvv9:JGyvvZvvgvv=vv?.h|vv#Gyvv]vvQhQI
<vv}vvwvv9f@vvQvvv+vvRG@vv%vv(OGyvvOhy+?fvv̂Gyvvjvvzvv?Gyvvwvv9|vv"vv?yvv~QRG:SvvAvv(GFvv,hFvvgvvzvv&|vv#Chyvv(*vv9J
Gy=J(KGyRQGf+?G6f.

yvtvOGsvAvQMGyv=vgv̂<vzfGyvtv}vK,vv}v9$v(GAv9d<v9yv"vTv=v?E]G}QR,*v}vwv#Cf*vZv{E]
!vv(Y|vv#GQ@vvqvv9YGyvvjvvzvv?<vv9yvvQivv~|vv#CfGyvvAvvJvvz+;JGyvv(_vv"vv+vv?yvvjvv;yvv&D@vvdvv%vvQPyvvx.hfvv̂vvv{
Ivv9d|vv9RGdGyvvAvvqvvwvv+vvQ\vvQhQ*vv9

k
 Kvv9O|vvZvv9OQyvvzvvjvv;dGyvvwvv9|vv"vv?@vv}vv+vvhGCJvv9Yvv+vv{h<vvMvv9Yvv?

GCJvv9Yvv+vv{GyvvQFvv+vvTvv?<vv}vv9pvv+vv%vv9G}svv}vv9M.vvvPyvvx:<vvO|vv#EKvv9O8ovvHFvvO*vvOI !vvGvv9Rh;vvtvv+vvu
Gyvvvjvvv;dGyvvvwvvv9|vvv"vvv?Gyvvvgvvv9y+?|vvv#Lvvv;dGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?.pvvv,$vvvPGGBvvvZvvv(U@vvvgvvvAvvv=vvvQsvvvZvvv?
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G}s}9MGy%G+"?PGJCG+?L9Y?v}9*t(dv"(OS#(Knudson)f9e1986(15).

yvvtvvOGfvvAvv}vvOJGyvvDvv(QIGBvv]vvQGAG}h]pvv,ChQh<vv9hC|vvQ*vvwvv9GyvvWvv}vv9y+?hChsvv+vv9!vv(Svv+vv9
fvvv̂Gyvvvgvvvzvvv~GCAvvvtvvvOepvvv,vvvv{<vvvzvvvO,GyvvvPjCOiE];vvvTvvv_CYvvv"vvv9aGCJvvv9Yvvv+vvv{hGSvvvAvvv+vvvgvvv9H
vvv9|vv{C(GQOG}QVhGC+vv9ghEOGQ7vv}vv9hE]R*vv9OIGSvvAvvgvv}vv9dGyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?(h<vvMvv9Yvv?
G}Svvvv}vvvvOIGCgvvvvO!vvvv+?),hE]R*vvvv9OIGyvvvvQjh;vvvvTvvvv_hsvvvv9*vvvv?Gyvvvv"vvvv=vvvv9JhvvvvvPyvvvvx;vvvvTvvvv_EOGQI
GCJvvZvv(d.pvv,<vvOG*vv?GyvvDvv(QIGBvv]vvQGAGfvvAvv}vvOJ=vv+vvhGyvvAvvJvvTvv+"9JGyvvTvv9<vvtvv?fvv̂|vv9$vv(
|vvAvv(GpvvQpvv,Gyvvgvvzvv~GCAvvtvvOeyvvzvv=vvzvvOGyvv(GIvvOh<vvAvvgvv9hf<vvTvv+vvb|vvhGyvvOhdG}LvvQi.pvv,ChGLvvQ
GyvvTvvAvv+"+vv9JhLvv;dGyvvTvv=vvgvv+"+vv9J,Svv9fvvO!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv,Gyvvgvv9C,pvv,Efvvavv9AOpvvgvv?
E\9p+?y5!A9F+?p,GyOhdGCAa(QIhGy"9|+?.

C|v9GyvDv(QIGBv]vQGAGyvDv9!v+?pvtvO<vOCJ<vAvav(*vQG}Yv"v9aGAvO*vDv?yv~QRhGyvtv}vKGyvAv,
|vvDvvzvvBG}Qsvv9eGyvvtvv+vv9Svv+vv?pvv,;vvTvv_GCJvv9Yvv+vv{.hyvvtvvO!vvtvv{Gyvv=vv9IvvDvv(fLvv=vvQGJGy+9<vv9!vv+_
hGyvvvAvvv9*vvv(G!vvv+_pvvv,CYvvv"vvv9aG}QRGyvvvtvvvZvvv+vvvQI,hGyvvv"vvvZvvvrsvvvZvvv+vvvQIGyvvvTvvv9b,hGCTvvvAvvvGvvv+vvv=vvv?E]
GCOLv;JhG OGQIGCJvTv"v?.$vPgG}Yv"v9aG@vO*vOIGAv9h*v?fv̂GyvtvOQIGyvwv9|v"v?Gyvgv9y+?
yvvzvvjvv;d(CvvvDvvQ<vvwvvDvv+vvQ|vv#G}Yvv"vv9aGyvvAvvtvvz+O*vv?)hivv+vvQGCTvvAvvGvv+vv=vv?yvvzvvQsvv9O<vvgvvO@vvTvv}vv+vvO$vv9,
E\vv9pvv?E]GyvvgvvO*vvO|vv#GyvvTvv}vv9JG Kvv9<vv+?GyvvAvv,@vv|$vvzvv%vv9h@vvTvv}vvKyvv%vv9<vvRQGfvvAvv%vv9|vvhIvvZvv(d
ChIZ(y+#BLQ*#p,hIOIGCT9I?S"(*9

k
\}#|q%(eGyAwD+rGyRQGf,.

C9yD9

k
:GyAt9!9JGyw9|"?C(GF%?|Aaz=9JGyjPGAGyg9C+?f9e2020

yvvvtvvvO<vvv"vvv+vvvBGyvvvAvvvtvvv9!vvv9JG@vvvO*vvvOIGCTvvvAvvvMvvvO|vvv?|vvv#svvv=vvv{GyvvvOhdGyvvvZvvv"vvv9fvvv+vvv?fvvv̂CSvvv9S
GyvvAvvJvvTvv_G@vv+",Cgvvdvv~Ivv9Yvv+vv{GAvv=vv(HGyvvQFvv+vvTvv?,hPyvvx<vv9yvvQ<vvb|vvh@vvtvv9!vv9JGyvvRQGfvv?
GCJvvvTvvv"vvv?GCAvvv}vvvDvvvzvvv?<vvv9SvvvAvvvMvvvOGeGyvvvQjhG}Svvv}vvvOIGCgvvvO!vvv+?hGC=vvv+vvvOGJGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?Gyvvvtvvv9@vvvzvvv?
yv~fvWv9H,E\v9pv?E]G@v=v9Y_vQbGyvRQGfv?hGAvZv9OG6y+?.Ef

q
@vwv9|v{$vPgGyvAvtv9!v9J|vh

RQGfvv?G}Yvv"vv9aPGJGyvvtvvOQIG !vvAvv9Fvv+vv?Gyvvgvv9y+?yvvzvvjvvzvv?pvv,hIvvOIGCTvv9Ivv?E
q
vvB<vvZvv(QI

@vvwvv9pvvz+?,Ivv+vvEFvv9AJG}Q<vv9MGyvv(GQOI|vv#ivv;dGCRQfvv?|vv"vv9Yvvqvv?<vv+#@vvQ<vv+?Gyvv"vv=vv9@vv9J
(50pvv,GC8vv?)h<vv+#GyvvAvvavv=vv+vvtvv9JGyvvAvvtvv"vv+vv?G}LvvQi(50pvv,GC8vv?)(16).hyvvwvv#<vvgvvO|vvQhQ
Cvv;Cvv?fvvtvv(O|vv#!vv}vv(G !vvAvv9Fvv+vv?GCAvvRG*vvOI<vvDvv=vv9J,CLvvPJ$vvPgGCgvvO:J<vv9yvvAvv=vv9_vv|@vvOQKvv+vv9

k

(15)M. Knudson, «The Research and Development of a Biological Innovation: The Case of

Hybrid Wheat,» (Strategic Management Research, University of Minnesota, 1986).

(16)Peter Oram, «The Potential of Technology to Meet World Food Needs in 2020,» (2020

Vision; Brief 13, International Food Policy Research Institute (IFPRI), Washington, DC, 1995).

356



pv,=v+vhC!vJv9AGyvgv9D(GCAvav(QhGyv"v9|v,fv̂GyvTv(GA)h<vMv9Yv?|vh<vOG*v?fvtvOGyvDv}v9!v+"v+v9J
|#GytQfGC9\,}S=9HfQ\BS9<t9

k
.

EfG::vv9$vv9JGyvvAvvtvv"vv+vv?GyvvTvv9<vvtvv?@vvDvv=vvBhFvv%vv9J!vvdvvQGyvvgvvzvv}vv9AGyvvRQGfvv+vv_<vvzf
q

GyvvavvQ*vvu
GCAvvv=vvvhyvvv#*vvvwvvv(fSvvv%vvv;

k
.E!qvvv&@vvvTvvvQYhG\vvvKG:pvvvAvvvQGV<vvvzf

q
Gyvvvjvvv;dSvvvAvvvQ@vvvqvvvh<vvv9CgvvvO:J

GC9\vv+vv?!vvqvvTvv%vv9(|vvgvvO:JGyvvTvvAvv+"+vv9JhGyvvTvv=vvgvv+"+vv9J)pvv,Gyvv(svvBGyvvPj*vvAvvRG*vvOpvv+vv&@vv]vv9Dd
G}QG\vv,hGC+vv9gGyvv;R|vv?yvvzvvQj,Ivv+vvE@vvWvvwvv;f|vvgvv9

k
fvv=vv8vv9

k
vvv=vv+vvQG

k
fvv̂GyvvAvvtvv9!vv9J.fvv}vv(|vv9

k

K>Cf:Qj<J(KGyAt9!9JPGJG}p]z+?G}h]p,GCG9:JGyA9y+?:

1vvvvv;T_GSAMOGe@t9!9JEOGQIGC(GQOGya=+g+?hPyx<9@=9Y|9*\:

Cvvvvv@v(Yv+vrh@vtv+v+v~CSv9SGC(GQO<v9yvQ<vb|vhGCTv9Iv?GCRQhfv?GC(Fv(OIh<v9Ctv9Q!v?
|vhvv{|v#CQG\v,GCQGfv,hGyvjv9<v9JGAv9y+?hPyvx<v9SvAvMvOGe(GyvZv(QG@v(*v?hGyvAvJvwv~
fvvvvv#<vvvvvgvvvvvOChG:SvvvvvAvvvvvWvvvvvgvvvvv9Qfvvvvv#<vvvvvgvvvvvOChGyvvvvvZvvvvv(J(Remote Sensing Or Sonic)h!vvvvvdvvvvv~
GCgz(|9JG@jQGp+?).

Hvvvvv;vvTvv_EOGQIG}QG\vv,hGC+vv9gpvv,GyvvRQGfvv9JGyvv=vvgvvz+?h<vvMvv9Yvv?pvv,G}QG\vv,
GCQ@qg?hCQG\,GCTA"tg9J(Watershed)GC"GQp?.

Lvvvvv\vvvvQhQIEKvvvv9OEOGQICpvvvv]vvvv{yvvvv~QG\vvvv,GCQh*vvvv?hGC+vvvv9g,pvvvv9yvvvvAvvvvtvvvv9!vvvv9JGCAvvvv(GpvvvvQI
Bvvqvv̂GCzvv(Ivv?hGQ@vvqvv9Y|vv"vvTvv(HGC9AG}Q\vv,(vvvgvv}vvz+9JGyvvZvvQahLvvavv(WGyvvtvv"vv(GJ)
|vwvzvqv?hy+UGSvAvgv}v9yv%v9OGFv}v9

k
Fvwv"v9

k
hsvO@vwv(fiv+vQpvgqv9yv?EPGD@vOfv~<vTv+v9Sv9JLvqv̂

!vvvTvvv>GC+vvv9gGyvvv]vvv9Fvvvgvvv?ChGCqvvvtvvv(OI.Ef
q

@vvvjvvv+vvvQ!vvvdvvv~GyvvvRQGfvvv?h@vvv(pvvv+vvvQC!vvvdvvv}vvv?IvvvO*vvvDvvv?yvvvzvvvQj
vvv9yvvQThGyvvAvv"vvtvv+vvb,Ivv+vvDvv}vv9vvv9fFvvwvv"vv9

k
,hGyvvAvvJvv(d|vv#GyvvQjGyvvwvv9|vv{E]GyvvQjGyvvAvvwvv}vv+vv\

Vvv,ACSvv9Svv,G6f,pvv%vvPgGyvvavvQbGAvvO*vvDvv?pvv,GyvvQjCvvvDvvQpvvgvv9y+?<vv9yvv"vvTvv=vv?E]GSvvAvvgvv}vv9:J
GC+9ghLq^GyAz(K.

OvvvvvKv>EOGQILvZv(<v?GyvAvQH<vWvwv{Fv+vO,<vJv+vE!vJvZv{|v"v%v9fv̂Cfv̂E!vAv9Fv+v?.
Ef
q

EFvvQGAGJYvv+vv9!vv?Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?<vv9yvvAvvQHhGC9OIGyvvgvv]vv(*vv?vvv{QGIvv?G}QG\vv,,@vvRhd
fvvv9OIC|vvv9e\vvvjvvvbGyvvvTvvvwvvv9f.vvvv}vvv9Ef

q
GyvvvOfvvv~<vvv9}Svvv}vvvOIGyvvvgvvv]vvv(*vvv?ivvv+vvvQvvvv9amEP*vvvgvvvAvvv=vvvQ$vvv9

GCRGQfvvv(f|vvvwvvvzvvvqvvv?hivvv+vvvQ\vvvQhQ*vvv?pvvv,G}QG\vvv,GCavvvQ*vvv?.$vvvPG,h*vvvAvvvavvvzvvv>Cj|vvvWvvvQhY
|vAvwv9|v{ OGQIGyvgv"v9YvQGyvjvPGFv+v?@vwv9|v{vv{|v#G}Sv}vOIGyvgv]v(*v?|vhIv9Yv+v{GyvAvTv}v+vO
GAv9h*v?fv̂G}RhJ,vv9yv=vtv(y+9J,hE\v9pv?Gyvqv(Svqv(QEy+%v9hPyvxpv,OhQIRQGfv+v?|vh
GA=(H6Oa<"9AG}RhJp,GyAQHCh<tz>Gy=t(y+9Jp+%9vzS}OIL]QGA(17).

(17)GCZOQ!qT&.
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2vvvvv>v9*v?GCJv9Yv+v{|v#Gyv]vjv(WGAv+v(*v?|v#OhfG:fvAv}v9Ofv̂|v=v+vOGJG6pv9J
hPyx<9SAMOGeGyAt9!9JGyA9y+?:

Cvvvvv@vvvtvvvO*vvv~Ch@vvv(pvvv+vvvQGyvvvgvvv9Fvvv{GC]vvv+vvvrGCtvvv9hefvvv=vvvQfvvv}vvvz+9JGyvvvAvvvQ<vvv+?.hsvvvO@vvv~q$vvvPG
Gyvvgvv}vv{<vvTvvQfvv?fvv=vvQfvv}vvz+9JGyvvQSvv~G@vv+",h@vvtvv9!vv9JGyvvAvvgvvz+~yvvAvvJvv(*vvQCh@vvgvvO*vv{GC(GQO
G@+"+?GCt9h|?p,GCJ9Y+{hCY(y%9Gya=+g+?.

HvvvvvGCw9pJ?Gy=+(y(F+?f=QGSAMOGeGyaq+z+9JhGCqAQS9J.

Lvvvvv;T_!d~G !PGQGC=wQy~|QGVhG6p9J.

Ovvvvv@tz+{GSAMOGeGyw+}+9F+9JGyT9|?h@t++~GyaQbG}vDQpg9y+?.

$vvvvvvvvGSvAvMvOGeGCwv9pvJv?GCAvwv9|vzv?yv7pv9JhPyvx<vAvOGLv{@vav=v+vtv9JG OGQIGCRQfv+v?
|vvhGCwvv9pvvJvv?Gyvv=vv+vv(yvv(Fvv+vv?yvvAvvavv(*vvQfvv}vvz+?Lvvqvv̂@vvwvv9y+rGCwvv9pvvJvv?Gyvvqvvgvv9yvv?|vvhLvvqvv̂
G:fA}9Of^|=+OGJG6p9J.

4vvvvvGyvvAvvJvvTvv_Gyvv(QGCvv,|vvqvvAvv9MGCJvv9Yvv+vv{:@vvgvvAvv=vvQfvv}vvz+?GyvvAvvQ<vv+?IvvGvvQGyvvRGh*vv?pvv,
@vvvtvvv9!vvv9JR*vvv9OIGyvvvjvvv;dIvvv+vvvE@vvvzvvvgvvv>GyvvvOhQG}hdpvvv,|vvv"vvvhpvvvtvvvOGyvvvjvvv;d|vvv#Gyvvv]vvvjvvv(W
GAv+v(*v?.fv}v(|v9

k
,$v"v9cCv;Cv?CVvwv9d|v#GyvAvJvO*v9JGyvAv,@v(GFv&fv}vz+?R*v9OIGyvjv;d|v9

RGyvvB|vv(Fvv(OIpvv,<vvgvv̂G}svv9y+~Gyvvgvv9C+vv?(Qivv~GQ@vvqvv9Yivv;dGAvv=vv(Hpvv,ChQh<vv9hQj
G}QRpvv,VvvQbBSvv+vv9)$vv,:;vvTvv_!vv(fvv+vv?@vvjvvP*vv?GyvvAvvQHh<vvMvv9Yvv?<vv9yvvgvv"vv9YvvQGyvvZvvjvvQi;
GyvvAvvjvvzvv>fvv̂Gyvv]vvjvv(WGyvv;Ivv+vv(*vv?vvv9@vvqvv9ahOQFvv9JGAvvQGQIGCQ@vvqvvgvv?;hCvv9yvvDvv9

k
|vvWvv9vvv{

GyvvAvvjvvP*vv?G}LvvQiGyvvAvv,:vvgvv{ivv;dGAvvtvv(d|vv"vvMvvqvv]vv?pvv,GyvvgvvO*vvO|vv#GC"vv9_vvuGyvvgvv9C+vv?,
h*}w#I{$PgGCWw;J<q]{GyAt9!9JGA+(*?.

4vvvvvGyvvgvv}vv{GyvvOh[yvvzvv}vvgvvQpvv?Gyvvgvvzvv}vv+vv?GCAvvtvvO|vv?h@vvavv=vv+vvtvv97vv9.h*vvAvv(svvrPyvvxfvv̂GyvvAvvgvv=vv8vv?
Gyvqvgv9yv?yvzv}v(GQOGyvgvzv}v+v?yvzv=vJv(Khfv̂R*v9OI|v%v9QGJGCRGQfv_pv,EOGQI|v(GQO$v~<vWvwv{
|vvTvvAvvOGefvv=vvQGCgvvQpvv?GC"vvAvvWvvQIhGyvvAvvOQ*vv>hE|vvwvv9!vv+?@vv(pvv+vvQGCOLvv;J.h<vv9yvvQivv~|vv#fvv;|vv9J
GyAQGFhGA9y+?yOf~Gy=J(KGyRQGf+?,E:Cf

q
$"9c<g^EV9QGJG}|{@A}D{<vv:

CvvvvvGyvvOfvv~Gyvvgvv9C,Gyvvwvv=vv+vvQ@vv}vvhGyvv=vv;R|vv9G@vv+"+vv?(Germplasm)hIvvqvvdvv%vv9h@vvtvv+vv+vv}vv%vv9
<9yQi~|#v(fGygQVGC"9S>y"(f+?Gy=PhQ*}D{|Wwz?f^|TA(iGCRQf?.

HvvvvvR*9OIGyAg9hfGyOh[p,IZQGC(GQOhG !PGQGC=wQ.

Lvvvvv@vav(*vQh@vav=v+vuhGSvAvMvOGeGyvtvOQIGyvwv9|v"v?BvzvuGCgvQpv?h@v(Sv+vgv%v9fv=vQVv=vwv9J
GCgz(|9@+?GAO*D?,hCF%RIGyq+O*(hGyw}=+(@QGCQ@=a?<9yAt9!9JGB9Y?69.
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OvvvvvGyA(Sh<9y=J(KG sz+}+?h!t{GyW=w9JGyAt"+?<+#GyOhdGy"9|+?.

QG<g9
k

:GyAt9!9JGA+(*?hGy%"OS?Gy(QGC+?
pvv,$vvPgGyvvqvvtvvQI!vvAvvJvvOKfvv#|vvqvv9$vv+vv~GyvvAvvtvv9!vv9JGAvv+vv(*vv?hGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?yvv"vvAvvgvvQa

fvv̂EKvv9<vv+97vv}vv9hSvvzvv=vv+vv97vv}vv9,ChJvv9_vvQGvv9h|vv"vv9pvvgvv%vv}vv9,hvvv+vvr*vv}vvwvv#EOGQIvvv{|vv"vv%vv}vv9
<vvWvvwvv{fvvzvv}vv,<vvJvv+vvE@vvtvv(OGfE]Lvvqvv̂GyvvqvvtvvQh@vvz|vv_GyvvjvvPGAhGyvvavvgvv9eyvvzvvGvv+vv9Ypvv,Gyvvgvv9D
Gyv"v9|v,,h<vMv9Yv?pv,\v(AGyvgv;sv?GyvgvwvTv+v?<v+#G}|v~GCAvJvOIhG:;v9OG}hQhNIv(d
G}ivvP*vv?GCgvvOqyvv?hQGCvv+vv9

k
(Genetically Modified Foods)h\vvQQ$vv9<vv9yvv"vvTvv=vv?E]GCJvv9Yvv+vv{

G:SA(GF+?GyA,@"}(f9OIp,<+89Js9S+?hf^@QHpt+QI.

fvvQqaGyvv=vv9IvvEOhGvv#(Dohmen)fvv9e1988Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?ChGyvvAvvwvv"vv(yvv(Fvv+vv9
Gyvv(QGCvv+vv?<vvvv:zGCJvv(qQGBvv9Uyvvzvv}vv(GOGyvv(QGCvv+vv?GC(QqCvv?GC(Fvv(OIpvv,Gyvvwvv9Fvv"vv9J,Ivv+vvE
*vv}vvwvv#=vvhCh;vv(*vv{Ch|vv=vv9Oyvv?|vv(QhKhGIvvOChCvvvDvvQ.h@vvAvv=vvzvv(QGyvv"vvAvv+vvGvv?<vv9CQhQpvv(b
GCgvvzvv(|vv9JGyvv(QGCvv+vv?GyvvtvvO*vv}vv?hyvvjvv9*vv?Gyvv(Yvv(dE]Gyvv"vvTvv{y(18).C|qvv9GyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?
pvtvOfvQpv%v9O*vzvqv+vk(Dellweg)fv9e1987<vz8v9:zG:SvAvMvOGeGCAvwv9|v{yvwv{|v#Gyvwv+v}v+v9A
GAv+v(*v?hGC+vwvQh<v+(yv(Fv+v9hGyvgv}vz+9JGyvAvwv"v(yv(Fv+v?,6vOa!vtv{hGSvAvMvOGeGyvtv(IGyvwv9|v"v?
pv,Gyvwv9Fv"v9JGyvOsv+vtv?hGBv;*v9hGyv"vTvHGCRQhfv?$v"v9cvvzFvRGA,@vtv"v+v9

k
y.yvPyvxpv%v,,Cj

GyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?,@vvAvvgvv9|vv{|vvhGyvvgvv}vvz+9JGyvv=vv+vv(yvv(Fvv+vv?hGSvvAvvMvvOG|vv97vv9CCvv"vv9AGyvvgvv}vvz+9J
GyvvAvvtvv"vv+vv?hG !vvAvv9LGyvvZvv"vv9fvv,.h@vvgvvAvv=vvQ$vvPgGyvvAvvtvv"vv+vv?Gyvv(QGCvv+vv?hSvv+vvzvv?yvvAvvJvvtvv+vvuPyvvx<vvJvv+vvE
@vvAvvJvv(dLvv(GUGyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?h<vvavvQ*vvtvv?|vv9(<vvWvvwvv{@vvTvv}vvK<vv&$vvPgGBvv(GU)<vvJvv+vvE
*vAv~EIvOGKGyvAvzCv+vQGCQiv(H<v&fv=vQGyvgv}vz+9JGyv=v+v(yv(Fv+v?.h<vJvTv>QCjG:LvAvZv9Yv+v_
p,$PGGCG9d$"9cC;C?C!T9d|#GyAt9!9JGA+(*?$,:

G}hd,h@TAg}{p+&Gy=wA+Q*9ChGB}9FQ,v}D9dY"hG@=#hGy=+QI.

hGyvvDvv9P,h@vvTvvAvvgvv}vv{pvv+vv&Gyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?pvv,E!vvAvv9LGC]vv9OGJh@vvavv(*vvQGyvvPQGJ
Gy=+(y(F+?.

hGyD9yE,h<&*}w#@j++QGC(GOGy(QGC+?Bz+?|"qZz?|=9VQI.

h*vvgvv=qvvQfvv#GyvvAvvOGLvv{<vv+#G}!vvTvv9dGyvvDvv;Cvv?<vvOLvv(dGyvvtvv(IGyvvwvv9|vv"vv?pvv,GyvvAvvwvv"vv(yvv(Fvv+vv9
GA+(*?(19).

(18)K. Dohmen, Gentechnology: Die Andere Schopfung (Stuttgart, Germany: Mitzler, 1988).

(19)H. Dellweg, Biotechnologie, Grundlagen und Verfahren (Hohenheim, Germany: VCH, 1987).
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|vvv#Fvvv%vvv?CLvvvQifvvvQqa<vvv9QSvvvz+&hOh*vvv\(Parsley and Doyle)fvvv9e2001GyvvvAvvvtvvv"vvv+vvv?
GAvv+vv(*vv?<vvZvv(QIC<vvTvvbzpvv%vv,@vvtvv"vv+vv?@vvTvvAvvMvvOeGyvvwvv9Fvv"vv9JGyvvgvv]vv(*vv?ChGC(GOGyvv"vv9:vv?fvv"vv%vv9
yvvAvvJvv(*vvQCh@vvgvvO*vv{GC"vvAvvHh;vvTvv_Gyvv"vv=vv9@vv9JChGAvv+vv(G!vv9JCh@vv"vv}vv+vv?Gyvvwvv9Fvv"vv9JGyvvgvv]vv(*vv?
GyOs+t?:SAMOG|9JIOOIy.C|q9|w(!979GyAt"+?p%,:

vvvvvGyPQGJ(Genomics),GyA,@Zr=+hG}!(GY.

vvvvv<vvv+(E!vvvqvvv(|vvv9@vvvwvvvU(Bio fomatics):Cj=vvvhGyvvv=vvv+vvv9!vvv9JGyvvv"vvv9:vvv?fvvv#;vvvz+{GyvvvPQGJ
<zVw9d*T%{Gy(Y(dEy+%9.

vvvvvGyvvAvv=vvOdChGyvvAvvJvv(Q(Transformation),:Cj@vvtvvO*vv~G@vv+"9J,<vvWvvwvv{EpvvQGOj,
GC9!vJv?yvzvqv9FvOIGyvwv9|v"v?yvzvTv}v9JGC(Fv(OIpv,Gyv"v=v9@v9JChGAv+v(G!v9JChC!v(GYG}VvGv9Q
GCD}QIChG}S}9c.

vvvvv@vvvQ<vvv+?GyvvvPQGJhG@vvvR*vvv8vvv9J:,Cj;vvvO*vvvOh@vvvtvvv+vvv+vvv~GyvvvTvvv}vvv9JGCQivvv(<vvv?pvvv,<vvvQG|vvvH
GyAQ<+?|hG:SAq9OI|#f}z+?GLA+9QGyg;|9JGCT9fOI.

vvvvvGyvvAvvWvvMvv+vv[(Diagnostic),CjGSvvAvvMvvOGeSvv}vv9JGyvvPQGJhG@vvR*vv8vv9J IvvOGK
;(*QGJCvDQSQf?hOs?y~|QGV.

vvvvv@vvtvv"vv+vv?GyvvAvvzvvtvv+vvK(Vaccine Technology),CjGSvvAvvMvvOGeGCJvvQ\vv9JGAvvO*vvDvv?yvvAvvavv(*vvQ
hEfvvv9OIyvvvtvvv9Ivvv9JGAvvv9|vvv̂Gyvvv"vvv(hj(DNA)6vvvOa;vvvTvvv_fvvv}vvvz+?GyvvvAvvvJvvvwvvv~<vvv9}|vvvQGV
GC}+A?.

$vvPG,h@vvAvv=vv9*vv#|vv"vv9pvvhh|vv]vv9QGSvvAvvMvvOG|vv9JGyvvAvvtvv9!vv9JGAvv+vv(*vv?hGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?
hpvtv9

k
yvzv}vGv9:JGCTvAvMvO|v?pv+v%v9,hhpvtv9

k
yvzv}v"v9_vuGCTvAvgv}vzv?pv+v%v9,E:

q
C!v"v9!vgvQVpv,|v9

*vv\C"vv9pvvhh|vv]vv9Q$vvPgGyvvAvvtvv9!vv9J<vvJvvTvv>G@vv(G!vv>GyvvjvvPGFvv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?
hGyZJ+?yz}GA}g9JGCTAg}z?y%9.

1vvvvvp(GFOGSAMOGeGy%"OS?Gy(QGC+?hGyAt9!9JGA+(*?
@vQvvRGyv=vJv(KGC"v9Sv=v?yvzv%v"vOSv?Gyv(QGCv+v?hGyv=v+v(yv(Fv+v9GAv+v(*v?fv̂@v"v}v+v?G}Yv"v9a

Gyv"v=v9@v+?GyvAv,*v}vwv#Cf!vJvZv{<v(GSvavAv%v9fv̂Gyvjv;dG@v+vOIGyvgv9y+?|v#Fv%v?,h<vqv+v̂
GyvvvAvvvwvvv9y+rGyvvvRQGfvvv+vvv?|vvv#Fvvv%vvv?CLvvvQi,hPyvvvx<vvvAvvvQ<vvv+?h;vvvTvvv_!vvv(fvvv+vvv9J|vvv#G}Yvvv"vvv9a
hGyvvTvv;:JGCtvv9h|vv?}|vvQGVGyvv"vv=vv9@vv9J(|vvDvv{Gyvvqvv+vvQhSvv9JhGyvvqvvavvQ*vv9JhGyvv=vvwvvAvv+vvQ*vv9),
hGyvvgvv(G|vv{Gyvv]vv9ivvavv?(|vvDvv{@vv=vv9*vv#GC"vv9Lvv9JhG@vvqvv9a).h*vvAvv}vvDvv{Gyvv%vvOaGyvvgvv9e$vv"vv9<vv"vvtvv{
G@+"9J|h_9s?@D=+BG}RhJE]GA

n
>I+E;tu$PgG}$OGap(GFOv=+QI.

360



h@vAvQGhMG}$vOGaGCAv(svgv?|v#@vgv9hfGyv(QGCv?hGyvAvwv"v(yv(Fv+v9GAv+v(*v?pv,GyvRQGfv?|v9
<vv+#GCTvv9fvvOIGyvvAvvWvvMvv+vvZvv+vv?hGyvvtvv]vv9AGyvvwvv9|vv{fvv̂C|vvQGVGyvv"vv=vv9J.h|vvDvv9dPyvvx*vvwvv}vv#
<vvQSvv~Lvvavv?yvvzvvZvvqvv9JGyvv(QGCvv+vv?yvvzvv"vv=vv9@vv9JGCQFvv+vv?Evvw

q
vv#<vvTvvQfvv?hh\vv(M|vv#ECvv=vv9JCGvv+vv?

GC(GOGyvv(QGCvv+vv?yvvwvv{!vv(Y|vvTvvAvvgvv}vv{pvv,GyvvRQGfvv?ChGyvvjvv9<vv9J.vvv}vv9*vv}vvwvv#!vvtvv{Lvv(GU
!v(fv+v?GyvAvQHh@vav=v+vtv9JGyvOhQGJGyvRQGfv+v?h@v=v"qv,Iv9:JGyvavtvUGCJvz+?,h$vPG*vgv"v,
Lvvvqvvv̂|vvvOiG!vvvGvvvQGaGyvvvAvvvQ<vvv?.hpvvv,Svvv=vvv+vvv{GSvvvAvvvwvvv}vvv9dG}|vvv"vvv+vvv?ChGyvvv%vvvOa,Kvvv>fvvv̂
GyvvvZvvv"vvvr@vvvtvvvO*vvv~ivvv;dfvvv9y+?|vvvhG!vvvMvvvqvvv9V@vvvwvvv9y+rG !vvvAvvv9Lvvvv}vvv9PvvvvQB!vvvqvvv9

k
.yvvvtvvvOCOJ

fvv}vvz+9J@vvavv(*vvQ@vvtvv9!vv9Jhsvv9*vv?Gyvv"vv=vv9@vv9JG@vv+vvOIh<vv}vvTvv9fvvOIvvv{|vv#GyvvAvvwvv"vv(yvv(Fvv+vv9Gyvv(QGCvv+vv?
hGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?<vv9C(Fvv&(Bacillus Thuringiensis)E]!vvGvv9Msvv+qvv~<vvMvvZvv(UGyvv=vv+vv8vv?.
vv}v9$vOpvBFv%v(OCLvQiGSvAvMvO|vBGyvAvwv"v(yv(Fv+v9GAv+v(*v?<v9yvQ<vb|vhGyv%v"vOSv?Gyv(QGCv+v?,
p,@RGhLGA+(G!9JhG}S}9c,E]@tOev=+Qp,Gy(sBGA9[(20).

yvvtvvOsvvO|vvBHvv}vv(fvv?|vv#Ivv9:JGyvvOQGSvv?GCAvvtvv"vv?hG@vv+vvOIGyvv=vvQG$vv_fvv̂Cf
q

@vvtvv"vv+vv?
Gyv%v"vOSv?Gyv(QGCv+v?h@vtv"v+v?Gyv=v+v(yv(Fv+v9GAv+v(*v?,svOsvO|vAv9GC"vAvGv9JG@vO*vOIh_vQbGyvgv}v{
GyvvAvv,CCvv}vvQJ<vvz<vvJvv9K|vv%vv}vv?yvvzvv}vvGvvAvv}vvhGyvvOh[Avv{GCWvv9vvv{GyvvRQGfvv+vv?hGyvvavv=vv+vv?hGCWvv9vvv{
G}LvvQi,GyvvAvv,fvvGvvRJfvv#Ivvz

q
vv%vv9_vvQbGyvvAvvwvv"vv(yvv(Fvv+vv9GyvvAvvtvvz+O*vv?<vvTvv=vv>Ivv9FvvAvv%vv9E]pvvAvvQI

_(*z?|#GyR|#.

2vvvvvJ9_QGSAMOGeGy%"OS?Gy(QGC+?hGyAt9!9JGA+(*?
yvvwvv#<vv9yvvQivv~|vv#Gyvvtvv(IGyvvwvv9|vv"vv?GCQivv(<vv?hGyvv(GSvvgvv?GCTvvz

q
vv~6vv9yvvzvvAvvtvv"vv+vvAvv_GCPvvv(Q@vv+#

(Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?hGyvv=vv+vv(yvv(Fvv+vv9GAvv+vv(*vv?),*vv=vvtvv)h\vvhGyvvtvv(IGyvvwvv9|vv"vv?yvv%vv}vv9pvv,GyvvOhd
GyvvZvv"vv9fvv+vv?Jvv+vvqvv9

k
E]OQFvv?Qpvv̂GSvvAvvMvvOG|vv%vv}vv9.EPKvv>CLvvPGIvvAvv}vv9:JGBvvavvQ<vvWvvwvv{

vvv=vv+vvQOGFvv}vv9
k
.hKvv>svv=vv{G<vv9PsvvQGQG:SvvAvvMvvOGeGC(GR!vv?<vv+#pvv(GFvvOhJvv9_vvQGSvvAvvMvvOGe$vvPg

GyvvAvvwvv"vv(yvv(Fvv+vv9,EP:RGyvvBGC"vv9svvWvv?Gyvvgvv9|vv?yvv%vv9@vvgvv9PpvvGvv(Ipvv,GCgvvQpvv?GCMvvAvvZvv?,E\vv9pvv?
E]GBvv(a|vv#GyvvqvvWvv{pvv,GyvvAvvqvvQ*vvu<vv+#GCMvv9_vvQGyvvqvvavvQ*vv?(Gyvvavv=vv+vvgvv+vv?)pvv,GyvvAvvwvv"vv(yvv(Fvv+vv9,
h@zxGCM9_QGyA,@=QRf"OGSAMOG|%9.

h@vv"vvWvvzGCMvv9_vvQGyvvqvvavvQ*vv?GyvvAvvwvv"vv(yvv(Fvv+vv?fvv"vvO|vv9@vvZvv}vv~GBvvavv?GyvvAvvtvv"vv+vv?yvvAvvJvvTvv_h\vvh
|vv(Fvv(O.hyvvwvv#,hLvv;d|vvQIvvzvv?Gyvv=vvJvvEChfvv"vvO@vvavv=vv+vvtvv&@vvdvv%vvQpvvGvvzIBCvv9QFvv9!vv=vv+vv?ivv+vvQ
|vvvQivvv(<vvv?svvvO@vvvtvvvzvvv>Gyvvv"vvvAvvv9FvvvH.Ef

q
|vvvDvvv{$vvvPGGyvvv"vvv(Y|vvv#GCWvvv9vvvv{Kvvv>Evvv+vvv+vvvRg|vvv#GCWvvv9vvvv{

(20)K. M. Leisinger, «Sociopolitical Effects of New Biotechnologies in Developing Countries,»

(2020 Vision; Brief 35, International Food Policy Research Institute (IFPRI), Washington, DC, 1996).
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GBvavQIGyv"v9Vv8v?fv#@vav=v+vuGyvAvwv"v(yv(Fv+v9,CjGyv"v9Vv8v?fv#CSvzv(HG:SvAvMvOGepv,<vgv̂
GAvv9:J.hsvvO@vvwvv(f|vvDvv{$vvPgGCMvv9_vvQ|vv9O*vv?fvv"vvO|vv9@vvAvvavvzvv>@vvwvv"vv(yvv(Fvv+vv9

k
;vvTvv+"9JFvvwvv#

EFvvvQGD$vvv9fvvv̂Gyvvvgvvv(GFvvvuG:FvvvAvvv}vvv9fvvv+vvv?hG:svvvAvvvZvvv9O*vvv?hGyvvvRQGfvvv+vvv?.h!vvvdvvvQG
k

E]CfG@vvv%vvv(O
GyvvTvv+vv9Svv+vv?G:FvvAvv}vv9fvv+vv?@vvtvvh<vv(\vv(Mpvv,|vvQIvvzvv?<vvavv,GSvvAvvMvvOGeGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?
hGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?,Kvv>G:$vvAvv}vv9e6vvPGG@vv9!vv>pvv,GyvvOhdGyvv"vv9|vv+vv?h<vvavv=vv+vvgvv?GAvv9dpvv,
Gy(_#GygQN.

h@vAv}vDv{GCMv9_vQG:svAvZv9O*v?yvzvOhdGyv"v9|v+v?,h<vav=v+vgv?GAv9dyvzvOhdGyvgvQ<v+?,Gyv"v9:v?
fvv#@vvavv=vv+vvuGSvvAvvMvvOGeGyvvAvvwvv"vv(yvv(Fvv+vv9G@vvO*vvOI<vv}vv9Svv+vvavvQCfvv̂Gyvvgvv;svv9JGyvvAvvGvv9Q*vv?Gyvvgvv9C+vv?,
Ivv+vvE<vvqvv]vv{$vvPgGyvvAvvwvv"vv(yvv(Fvv+vv9*vv}vvwvv#E!vvAvv9LSvvzvvhpvv,GCMvv9<vvQChpvv,GC"vv9_vvuGCgvvAvvOyvv?
vvv9!vvB@vv"vv}vv(pvv,GC"vv9_vvuG@vv9pvv?,|vv9*vvtvv(O<vvWvvwvv{|vv=vvTvvbE]ELvvQGLGC"vvAvvGvv9JG:SvvAvv(GFvv+vv?
hivvvv+vvvvQ$vvvv9|vvvv#GyvvvvTvvvv(bGyvvvvgvvvv9C+vvvv?.pvvvv}vvvvDvvvv;

k
,E!vvvvAvvvv9L!vvvv=vvvv9JGyvvvvqvvvv9!vvvv+z+9(Vanilla)Cj(GBvvvvQhH

GyvvgvvavvQj)GCgvvavvQpvv,GCMvv9<vvQ<vv9SvvAvvMvvOGe@vvtvv9!vv9JGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?*vv|OjE]7vvO*vvO|vv9
*vvtvv9QH(70000)|vvRGQYYvvjvv+vvQpvv,Ohyvv?|vvOivvWvvtvvQ(21).h*vv"vvavv=vvu$vvPGGC"vvavvufvv̂Ohd

|vvDvv{vvv(<vv9Ch|vv(Q*vvAvv9!vv+9,EP*vvAvv(svvrGsvvAvvZvv9OG}h]fvv̂svvZvv>GyvvTvvwvvQ<vvWvvwvv{Vvv=vv&vvv9|vv{
!vvdvvQG

k
E]GfvvAvv}vv9Ogfvv̂@vvZvvO*vvQGyvvTvvwvvQ,hSvvAvvGvvO$vvPgGyvvOhyvv?!vvqvvTvv%vv9pvv,h\vvh|vv]vvjvv(W

hsvv9S
m

pvv,Ivv9dhFvv(OCYvv"vv9aFvvO*vvOIyvv%vvPGGCJvvZvv(dhEfvvv9!vvBCsvv{GIvvAvv(GAyvvzvvJvv;hI
hGy=Qh@+#,;{I{G}Y"9aGC"AG?|#I+EGC]}(f.

Svv|GdBLvvQ|vv%vv~*vvWvvjvv{<vv9dGyvv=vv9IvvDvv_hG:svvAvvZvv9O*vv_Gyvvgvv9|vvz+#pvv,$vvPGGCGvv9d
*A}D{<vv:

|v9$v,Gyvtv(IGyvAv"vdv+v}v+v?GyvAv,SvAvWvQafv̂@v"vdv+v~GC(GQOGyv(QGCv+v?pv,Gyvgv9DGyvDv9yvE
Chp,GyOhdGy"9|+??

*vvvAvvvMvvv(aGyvvvwvvvDvvv+vvvQpvvv,$vvvPGGBvvvZvvv(U|vvv#Svvv+vvvavvvQIHvvv}vvv(fvvv?|vvv#GyvvvWvvvQvvvv9JGyvvvgvvv9C+vvv?
hGyvvv(_vvv"vvv+vvv?hIvvvAvvv)|vvvgvvv9$vvvOGyvvv=vvvJvvv(KGAvvvwvvv(|vvv+vvv?hivvv+vvvQGAvvvwvvv(|vvv+vvv?fvvv̂G VvvvQGah|vvvQGsvvv=vvv?

Fv+"9JGyv"v=v9@v9JGyv(_v"v+v?yvzvOhdGyv"v9|v+v?,hEfvqv9Fv%v9|v#GyvQSv(e(|v"vdv}v?GyvAvGv9QIGyvgv9C+v?)
vvv}vv9vvv9!vvBSvv9<vvtvv9

k
,h<vv9yvvAvv9[GSvvAvvMvvOG|vv%vv9yvvAvvavv(*vvQhE!vvAvv9LCYvv"vv9a|vvAvvqvv(svv?FvvOG

k
Cvv~q<vv+gvv%vv9

Cvv9!vv+?yvvzvvOhdGyvv"vv9|vv+vv?<vvzSvvgvv9Qfvv9y+?FvvOG
k
.yvv"vvqvvQVCf

q
VvvQvvv?fvv9C+vv?|vvAvvgvvOOI|vvZvvOQIyvvzvv=vvPGQ

GvvvvAvvvWvvvqvvvBYvvvqvvv?|vvv9pvvv,Svvv;yvvv?Vvvvgvvv+vvvQECvvv+vvv(N:vvvgvvvzvvv&|vvvtvvv9h|vvv9
k
yvvv=vvvgvvv̂C|vvvQGVGyvvv"vvv=vvv9J,

(21)GCZOQ!qT&.
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hyvv"vvqvvQVCf
q

$vvPgGyvvWvvQvvv?!vvtvvzvvBhQGCvv+vv9
k

$vvPgGyvvZvvqvv?yvvZvv"vvrsvv}vvK
m

|vv9Cvv~q<vv9fvvBYvv"vvr
Gyt}K$PGE]EC+(<+9!qT%9<TgQ|Q@qhFOG

k
.

h|vv#G}Gvv+vv?<vv}vvwvv9f@vv(\vv+vvKGyvvtvvZvv[Gyvv"vv9FvvJvv?pvv,Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?hGyvvAvvtvv9!vv9J
GAvv+vv(*vv?pvv,GyvvgvvtvvO*vv#G}Lvv+vvQ*vv#|vv#GyvvtvvQfGyvvgvvWvvQ*vv#hCGvv%vv9svvZvv?=vvhhIvvqvvehGSvvAvvgvv}vv9d
GBvv;*vv9Gyvv=vv;R|vv+vv?yvvzvv}vvJvvZvv(d(22).yvvtvvOCOi!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9C,OhQG

k
|vv%vv}vv9

k

pvvv,$vvvPgGyvvvtvvvZvvv?,EP=vvvgvvvBhIvvvqvvvdvvvBivvv9yvvv=vvv+vvv?GC(GQOGyvvv(QGCvvv+vvv?yvvvzvvv}vvvJvvv9Yvvv+vvv{<vvvJvvvTvvv>
G}pvvv]vvvz+?Gyvvvgvvvzvvv}vvv+vvv?.hVvvv}vvv{!vvvdvvv9eGyvvv=vvv"vvv(cGyvvv(QGCvvv+vvv?GCQ@vvv=vvvavvv?<vvv}vvvQGvvvvR@vvvQ<vvv+?Gyvvv"vvv=vvv9JGyvvvAvvv,
FvvP<vvBhIvvqvvdvvBGBvv;*vv9Gyvv=vv;R|vv+vv?Ctvv9<vvzvv?h|vvgvv9@vv?GCWvv9vvv{GC(Fvv(OI.h*vvTvvAvvavv+vvh|vvQ<vv(
Gyvvv"vvv=vvv9J;vvvO*vvvOGAvvv9Fvvv?E]GBvvv;*vvv9Gyvvv=vvv;R|vvv+vvv?Cgvvvdvvv~GCJvvv9Yvvv+vvv{<vvv9yvvvWvvvwvvv{GyvvvPj*vvvQivvv=vvv(f
GSAg}9y&.

yvvtvvOhSqvvgvvBGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?|vvOifvv}vv{GBvv;*vv9Gyvv=vv;R|vv+vv?hSvv}vvJvvBpvv,
<vvgvv̂GAvv9:J<vv9SvvAvvMvvOGeGCJvv9Yvv+vv{Gyvv=vvQ*vv?<vvWvvwvv{!vvTvv=vv,vvv}vv(QqOyvvzvvGvv+"9Jyvvzvv}vvTvv9fvvOI
pv,GyvAvjvzv>fv̂|vWv9vv{G !vAv9L.yvtvOCvvOJ,h<vWvOI,|vQGvvRIvqveGBv;*v9Gyv=v;R|v+v?
fvvv̂fvvv}vvvz+9JG@vvv}vvvhhGAvvvqvvvehGSvvvAvvvgvvv}vvv9dG}svvvQ<vvv9AGyvvv=vvvQ*vvv_hGyvvv]vvvgvvv9a.hsvvvO@vvvQvvvvRJ
Fvv%vv(O|vvgvvdvv~|vvQNGyvv"vv=vv9JIvvAvv)G6ffvv̂GyvvAvvZvv9yvv>pvv,<vvJvv+vvQIChIvv(VG@vv+"9J
G}h],h*vvgvv"vv,Pyvvx@vvZvv"vv+vvrGyvv"vv=vv9@vv9Jpvv,G}!vv(GY!vvqvvTvv%vv9.pvv,GC9\vv,GyvvtvvQ*vv>Fvvgvv{
GyvvAvvZvv9yvv>Gyvv(GSvvhEO|vv9LG@vv+"9J|vv#CIvv(GVG@vv+"9JGyvvDvv9!vv+?pvv,GCJvv9Yvv+vv{Fvvwvv"vv9

k

h<"A9FHEK9<+?.

h@vvtvvOeG6fGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?pvvQUGSvvAvvgvv}vv9dG@vv+"9J|vv#CIvv(GVG@vv+"9J

GyvDv;Cv+v?,hPyvx<vTv}v9Iv%v9yv"vtv{G@v+"9Jfv=vQGC(G!vhGyv(QGCv+v?GyvOGLvz+?GyvgvQ*v]v?.h@vgvAv=vQ
GCJvv9pvvdvv?fvv̂Gyvv"vvdvv9eGBvvzvv(jGyvv=vv;R|vv,Gyvvgvv9_vv,h;vvTvv+"&CIvvOGyvvavvQbGyvvqvvgqvv9yvv?yvv]vv}vv9f
E!vvAvv9Fvv+vv?GCJvv9Yvv+vv{Gyvvgvv9y+?|vvTvvAvvtvv=vv;

k
.h@vvgvvAvv=vvQ|vv"vvdvv}vv?GyvvAvvTvv%vv+vv;JGyvv=vv+vv8vv+vv?Gyvvgvv9C+vv?(Global

Environmental Facility)GC(QOG}Sv9Sv,GyvAvJv(*v\AvqveGBv;*v9Gyv=v;R|v+v?fv9C+v9
k

(Sv(GA
p,C|9v"%9G}Yz+?Cep,i+QC|9v#hF(O$9).

Ef
q

GSvAvMvOGeGyv=vPhQGCgvOqyv?hQGCv+v9
k

hGC;Fv}v?yvzvJv9:JGBv9Yv?yvzv}vWvwv;JGAv+v(*v?
GyvvZvvgvv=vv?,*vv}vvwvv"vv%vv9h|vv#OhfVvvx7vv+vv8vv?GCJvvQVGAvvtvv+vvtvv,yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?.
hyvvwvv#pvv,Ivv9yvv?Gyvv(\vvhG:svvAvvZvv9OjvvvvvGyvvTvv+vv9Svv,ivv+vvQGyvvTvvz+~(Ivv9dGyvvwvvDvv+vvQ|vv#GyvvOhd
Gyvv"vv9|vv+vv?)@vv(FvvOYvvgvv(<vv?vvv=vv+vvQI FvvQGAGyvvAvvJvvTvv+"9Jyvvdvv9$vvQIGyvvqvvtvvQfvv#_vvQ*vvuGSvvAvvMvvOGe

(22)Plucknett and Smith, «Sustaining Agricultural Yields».
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GyvvAvvtvv9!vv9JGAvv+vv(*vv?hGyvv(QGCvv+vv?pvv,GC"vv9_vvuChG}svvavv9Q,Ivv+vvE@vv(FvvOC!vvdvv}vv?GC;cGyvvwvv=vv9Q
yv~QVhGCTvAvzFvQ*v#GyvRQGfv+v_,hIv+vELvO|v9JG QVv9OGyvRQGfv,hGyvAv}v(*v{hsv"v(GJ

GyvAvTv(*vuhGyvAvwv"v(yv(Fv+v9G@vO*vOI(GAv+v(*v?hGyv(QGCv+v?);vBSv+vavQI$v+vwv{Gyvtv(IGyvTv+v9Sv+v?vvvvv
G:FvAv}v9fv+v?vvvvvG:svAvZv9O*v?h$v,Gyvqv8v?Gyvtvz+zv?<v9CGvAv}vhCh<v9yvOhyv?,pv9yv"vGv9MGyvAvwv"v(yv(Fv,
:<OhCf*AzCQ6PgGyq8?(23).

hyvwv#|v#$v(GCTvAvqv+vOhGyvQG<vK|v#EIv]v9QGyvAvwv"v(yv(Fv+v9G@vO*vOI?hE]Cj|vOi
*}w"%9Gyt]9Af^GyqtQp,GyOhy?Gy"9|+??

<vvWvvwvv{fvv9e:*vv}vvwvv#!vvAvv9FvvHGyvvAvvgvv9hf<vv+#Gyvv(QGCvv?hGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?G@vv+vvOI
hGyvvvqvvvgqvvv9yvvv?Cf;vvvOKCCvvvQ$vvv9pvvv,fvvv}vvvz+?GyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?hGyvvvQ*vvvqvvv+vvv?|vvv9D@vvvwvvv#GyvvvAvvvQ<vvv+?
GyvvTvv+vv9Svv+vv?vvvvvG:FvvAvv}vv9fvv+vv?|vvgvvOI|vvTvv=vvtvv9

k
,EPEf

q
GyvvAvvtvvOeGyvvAvvwvv"vv(yvv(Fvv,GAvv+vv(jhGyvv"vvGvv9M

Gyvvv(QGCvvv,:*vvvTvvvAvvvqvvv+vvvO|vvv"vvv%vvv}vvv9E:Chyvvv8vvvxGyvvvP*vvv#*vvvAvvvtvvv"vvv(fGSvvvAvvvMvvvOGe$vvvPgGyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9
h*vvqvv%vv}vv(8vv9Fvv+vvOG

k
.EfhFvv(OC*vv?IvvOOGJ|vvDvv{GyvvqvvGvv(GJpvv,GyvvAvvgvvz+~ChhFvv(O$vv+vv9vvv{

Gyvvtvv(iG svvavv9fvv+vv?,*vvR*vvOOLvv(dGCRGQfvv_GyvvZvvjvv9QhGyvvgvv}vv9dGyvvRQGfvv+vv_IvvQGFvv?h!vvtvvZvv9
k

|vv|vvvOG
k

,pvv,Ivv_@vvZvv=vvKGyvvAvvwvv"vv(yvv(Fvv+vv9|vvzvvwvv9
k
yvvzvv}vvtvvAvvOQ*vv#.h|vv9D@vvtvvOeG Yvv;Ivv9J

G:FvvAvv}vv9fvv+vv?GCOfvv(|vv?<vv9 FvvQGAGJGyvvAvv,<vvOeGyvvavv=vvtvv9JGyvvqvvtvv+vvQIhGyvv(Svvavv)pvv,GCGvvAvv}vvh
6vvOaG:SvvAvvqvv9OI|vv#GyvvAvvwvv"vv(yvv(Fvv+vv9Lvvavv(IvvvvvLvvavv(I,pvv{f

q
G:LvvAvvQGfvv9JGyvvAvvwvv"vv(yvv(Fvv+vv?

Svv(a@vvgvv}vv{fvv}vvz+9
k

\vvOC$vvOGaGyvvAvv"vv}vv+vv?,<vv{@vvR*vvO|vv#GCqvv9Qsvv9JG:FvvAvv}vv9fvv+vv?hfvvOe
GyAT9hj<+#Gya=t9J.

|vv#Fvv%vv?CLvvQi,D*vvgvvOGYvvavv;MGyvvOhdGyvv"vv9|vv+vv?|vv"vv9Svv=vv9
k
pvv,Hvv9d|vv"vv9svvWvv?G@vv%vv(O

G:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?yvvzvvAvvwvv"vv(yvv(Fvv+vv9G@vvO*vvOIGC]vvzvvzvv?!vvdvvQG
k

E]EIvvOGCvv%vv9GLvvAvv;pvv9J
GsvAvZv9O*v?hGFvAv}v9fv+v?hCvtv9pv+v?Fv($vQ*v?,hpvu_v9sv9J$vPgGyvOhdpv,G|vAvZv9ULv;Yv?
Gyvvv=vvvJvvv(KhGyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9.yvvvtvvvOYvvv"qvvvqvvvBGyvvvOQGSvvv9JGAvvvO*vvvDvvv?<vvvgvvv"vvv9*vvv?GyvvvOhdGyvvv"vvv9|vvv+vvv?hpvvvu
_v9sv97v9Gyv=vJvDv+v?hsvOQGJ|v|SvTv97v9GyvAv"vdv+v}v+v?yv=vgvEhECv9QIGyvAv"v}v+v?Gyv=v+v(@vwv"v(yv(Fv+v?hpvu
|vvtvv9*vv+vvU|vvgvv+"?,|vv"vv%vv9!vvZvv+vv>GyvvRQGfvv?pvv,GyvvOhyvv?Gyvv"vv9|vv+vv?|vv#Yvv9OQG7vv9Gyvvwvvz+?,hpvv,|vv9
EPGvvv9!vvB$vvPgGyvvOhyvv?Gyvv"vv9|vv+vv?|vvZvvOQICh|vvTvvAvv(QOIvvvz+9

k
yvvzvv}vv"vvAvvGvv9JGyvvRQGfvv+vv?h|vv9$vv(

$vv+vvwvv{GyvvRQGfvv?pvv+vv%vv9h|vv9CGvv+vv?Gyvv"vvdvv9eGyvvRQGfvv,Gyvv"vvTvv=vv+vv?(!vvdvv9eGyvvRQGfvv?Gyvvtvv9Fvv~fvv̂GCRGQY
Gyvwv=v+vQIGAvGv~|vtv9<v{!vdv9eGyvRQGfv?Gyvtv9Fv~fv̂GCRGQYGyvZvjv+vQIGAvGv~).hpv,;vz+;J

(23)Mark W. Rosegrant [et al.], «2020 Global Food Outlook: Trends, Alternatives, and

Choices,» (2020 Vision for Food, Agriculture, and the Environment Initiative, International Food

Policy Research Institute (IFPRI), Washington, DC, 2001).
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$vPgGyvOQGSv9JGAvO*vDv?@v%v(OGyvOhdGyv"v9|v+v?GC=vPhyv?pv,GyvRQGfv?hGyvAvwv"v(yv(Fv+v9GAv+v(*v?
!Mz[E]Gy"A9FHGyA9y+?:

vvvvvEf
q

GyvOhdGCgvAv=vQI|vZvOQIvvz+?yvzv}v"vAvGv9JGyvRQGfv+v?h$v,\vgv+vqv?pv,Gyvtv(IGyvwv9|v"v?
yvvzvvAvvwvv"vv(yvv(Fvv+vv9,SvvAvvwvv(fpvv,h\vvhyvv#@vvTvvAvvavv+vvh|vvgvv&;vvtvv+vvuGyvvQ<vvK|vv#GyvvAvvwvv"vv(yvv(Fvv+vv9}8vv9
@gA}Ovz+?f^Y9OQGJ|"AG979hS(a@AzCQSz=9

k
CvDQ|#i+Q$9|#GyOhdGy"9|+?.

vvvvvEf
q

GyvvvOhdGCgvvvAvvv=vvvQI|vvvTvvvAvvv(QOIvvvvz+9
k
yvvvjvvvPGFvvv%vvv9h$vvv,\vvvgvvv+vvvqvvv?pvvv,Gyvvvtvvv(IGyvvvwvvv9|vvv"vvv?

yvvzvvAvvwvv"vv(yvv(Fvv+vv9,Svv(a@vvTvvAvvqvv+vvOh@vvQ<vvKfvv̂GCOiGyvvtvvZvv+vvQ!vvAvv+vvGvv?G!vvMvvqvv9VG}Svvgvv9Qpvv,
GyvvTvv(bGyvvgvv9C+vv?,hyvvwvv#pvv,GCOiGyvv=vvgvv+vvOSvv+vvwvv(f@vvzCvv+vvQGSvvAvvMvvOGeGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?
fwT+9

k
f^E!A9LGyjPGAGCJ\.

vvvvvEf
q

GyvvvOhdPGJGyvvvtvvv(IGyvvvwvvv9|vvv"vvv?Gyvvvwvvv=vvv+vvvQIyvvvzvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9h|vvvTvvvAvvv(QOI<vvv"vvvTvvv=vvv?fvvv9y+?
yvvzvvjvvPGA,Svv(a@vvTvvAvvqvv+vvOvvvDvv+vvQG

k
|vv#GyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?,EPSvvAvvtvv(O$vvPgGyvvAvvtvv"vv+vv?6vvPg

GyOhdE]GsAZ9O|Azyu,h<9yA9[;t+uG:vAq9AGyPGOGyjPGF,.

vvvvvEf
q

GyvvvOhdPGJGyvvvtvvv(IGyvvvwvvv9|vvv"vvv?Gyvvvwvvv=vvv+vvvQIh|vvvZvvvOQI<vvv"vvvTvvv=vvv?fvvv9y+?yvvvzvvvjvvvPGA,Svvv(a
@TAq+O|#GSAMOGeGyAw"(y(F+9GA+(*?<Ww{v=+QEPSA"(YY9OQG79hSAR*O$9.

vvvvvEfGyvvOhdPGJGyvvtvv(IGyvvwvv9|vv"vv?Gyvv]vvgvv+vvqvv?yvvzvvAvvwvv"vv(yvv(Fvv+vv9G@vvO*vvOI|vvtvvQh!vv?<vv(\vvh
@vvZvvO*vvQjvvvvvGSvvAvv+vvQGOj|vvAvvgvv9Od(GSvvAvv=vvOGdYvv9ayvvzvv}vv"vvAvvGvv9JGyvvRQGfvv+vv?),@vvgvvAvv=vvQpvv,h\vvh
||Dh$PgI9d|gd~<zOGfGyt9QIG}pQ*t+?G@"(<+?hGC"at?Gyw9Q*=+?(24).

hyvwv#|v9$v,Gyvgv(G|v{GyvAv,:vgv{GyvAvwv"v(yv(Fv+v9GAv+v(*v?|vtv=v(yv?GFvAv}v9fv+v9
k
pv,GyvOhd

Gy"9|+??

pvv,Gyvv(Gsvvh:@vv(FvvOIvvzvv(d@vvwvv"vv(yvv(Fvv+vv?yvvzvv}vvWvvwvv;JGyvvTvv+vv9Svv+vv?hG:FvvAvv}vv9fvv+vv?pvv,
GyvvOhdGyvv"vv9|vv+vv?,hyvvPGpvv{f

q
fvv}vvz+?;vv]vv+vvQGyvvRQGfvv?pvv+vv%vv9Svv(GAE

q
vvB<vv9yvv(Svv9Fvv{GyvvAvvwvv"vv(yvv(Fvv+vv?

GAv+v(*v?Ch<v9yv(Sv9Fv{GyvAvtvz+O*v?G}LvQi,SvAvtv(OE];vTv_h\vhHvAv}vgv97v9<vWvwv{OGFv~
EPG|v9CLvPJG:SvAvgvOGOGJ|v"vP<vOG*v?Gyvgv}vz+?<vzf

q
=v+vh_v=vtv9JGCGvAv}vh6vPgGyvOhdyv%v9

pvvQUG:SvvAvvqvv9OI!vvqvvTvv%vv9.h@vvgvvAvv=vvQG Yvv;Ivv9JG:FvvAvv}vv9fvv+vv?pvv,|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?
(vv9 Yv;MGyvRQGfv,h<vQG|vHGyvAv}v(*v#G:FvAv}v9fv,yvZvjv9QGCRGQfv_)FvRAG

k
\vQhQ*v9

k
|v#

GyT+Q!J(f}z+?GyAJ]Q$Pg.

pvv,GAvv9:JGyvvAvv,@vvTvv+vvQ6vv9fvv}vvz+?GyvvAvvJvv]vvQ<vvTvvQfvv?vvv=vv+vvQIh|vv#Ohf;vv]vv+vvQGJ

(24)K. M. Leisinger, Gentechnik fur die Dritte Welt? (Basel, Switzerland: Birhauser Verlag, 1991).
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GFvvAvv}vv9fvv+vv?|vv;Fvv}vv?,<vv9 \vv9pvv?E]hFvv(OG}_vvQGyvvAvv"vvdvv+vv}vv+vv?ivv+vvQJvvavvavv?Gyvv"vvGvv9M,pvv{f
q

R*v9OGJGyvjvzv?(pv,G !vAv9LGyvRQGfv,):*v}vwv#G:SvAvqv9OI|v"v%v9<vavQb|v"v9Sv=v?.G}|vQ!vqvTv&
*v"vav=vufv̂GSvAvMvOGeGyvAvwv"v(yv(Fv+v9GAv+v(*v?,EP*vtv(e|v=vOCGyvAvJv]vQ$v"v9C*v]v9

k
fv̂CSv9S

h\vvvhGy+O<vvv9y+Opvvv,GC+vvvRGfG:FvvvAvvv}vvv9fvvv,,pvvv{PGCfvvvavvv+vvvBCGvvv+vvv?vvvv=vvv+vvvQIyvvvAvvvgvvv9hfh@vvvwvvv9|vvv{
Gyv(QGCv?hGyvAvwv"v(yv(Fv+v9GAv+v(*v?6vOaR*v9OIE!vAv9Fv+v?GyvRQGfv?h\v}v9f;vtv+vuG}|v#GyvjvPGFv,
pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?,pvvv{fG}vvvvDvvvQCGvvv+vvv?Fvvvgvvvzvvv%vvv}vvv9|vvvtvvv=vvv(y+#|vvv#GCGvvvAvvv}vvvh.h$vvv"vvv9*vvv(FvvvO
GIA}9:f*}w#G}LP6}9<9yA=9OdhG9:

G:IA}9dG}hd,Gy=J(KGyg9|?ChGAw(|+?

Ivvvv9y+9
k
*vvvvtvvvv(eGyvvvvtvvvvavvvv9YGyvvvvZvvvv"vvvv9fvvvv,GBvvvv9U<vvvv9yvvvvOhdGCAvvvvtvvvvO|vvvv?<vvvv9yvvvv=vvvvJvvvv(KGyvvvv(QGCvvvv+vvvv?

GyvvAvvwvv"vv(yvv(Fvv+vv?hfvv̂!vvqvvtvvAvv&,hivv9yvv=vv9
k

|vv9@vvTvvGvv{!vvAvv9FvvH|vvDvv{$vvPgGyvv=vvJvv(K}$vvOGa:vv9Q*vv?
h<vvzSvvgvv9Qfvv9y+?FvvOG

k
:*vv}vvwvv#Cf@vvAvvJvv}vvzvv%vv9GyvvOhdGyvv"vv9|vv+vv?.Ef

q
!vvdvvQIGSvvAvvWvvqvv9pvv+vv?hG\vvJvv?

}$vOGaGyv=vJv(KGyvgvO*vOIGyvAv,KvQ9v9Gyvtvav9YGCPvv(Q,@vtv(OGCQAE]!vAv+vGv?|vqv9O$v9(|v#
hFvv%vv?!vvdvvQ@vvgvvdvv+vv~G:SvvAvvDvv}vv9QGJpvv,Gyvv=vvJvv(KJvv9_vvQI)Cf

q
GyvvAvvQvvv+vvR*vvAvv~fvv̂EKvv9OIvvzvv(d

CWvv9vvv{*vv}vvwvv#@vvTvv(*vvtvv%vv9|vv=vvOFvv+vv9
k
pvv,HvvAvv}vvgvv9JGyvvOhdGyvvjvv"vv+vv?GyvvZvv"vv9fvv+vv?,hPyvvx<vvTvv=vv>

hFvv(OGyvvtvv(IGyvvWvvQGFvv+vv?yvvO9vv9Ivv+vvE<vv}vvtvvOhQ$vv9Efvv9OIG:SvvAvvDvv}vv9QGJh;vvtvv+vvuG}$vvOGa.
yvvPyvvx*vv"vv9OjGyvvwvvDvv+vvQ|vv#G}pvvQGO<vv]vvQhQIEFvvQGAGyvv=vvJvv(KGAvvwvv(|vv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?,
Ivv+vvEEf

q
!vvAvv9FvvH|vvDvv{$vvPgGyvv=vvJvv(K*vv}vvwvv#@vv(pvv+vvQ$vv9<vvzSvvgvv9QGyvvAvvwvvzvvqvv?ChIvvAvv)Hvv9!vv9

k
.pvv,

Iv9yv?fvOe@v(SvhGyvqvGv(I<v+#GyvWv}v9dhG@v"v(H,hEPGD!v"vUnIv9Fv?G}pvQGOGyvqvtvQGApv,
GyvvOhdGyvvqvvtvv+vvQI<vvTvv%vv(yvv?,Kvv>EfvvOGOh<vv"vv9AhEvv(*vv{Gyvv=vvJvv(KGAvvwvv(|vv+vv?pvv,Gyvvgvv9DGyvv"vv9|vv,
|vv#spvv=vv{GC"vvdvv}vv9JGyvvAvv}vv(*vvz+?Gyvvgvv9C+vv?,EP|vv#OhfG |vvOGOGJGyvv]vvQhQ*vv?|vv#svv=vv{$vvPg
GC"vvdvv}vv9JyvvzvvOhdGyvv"vv9|vv+vv?(CvvvDvvQhCvvvDvvQ),pvv{f

q
$vvPgGyvvOhdSvvAvv(GFvv&svvZvv(QG

k
hG\vvJvv9

k
pvv,

GyjPGAp,GCOiGytZ+QCjp,GyT"(GJGygWQGyt9O|?.

G:IA}9dGyD9P,R*9OIGyAg9hf|hGyta9YGB9U

*vvWvvwvv{GyvvAvvgvv9hf<vv+#Gyvvtvvavv9YGAvvwvv(|vv,|vvhGyvvtvvavv9YGBvv9UCIvvOGyvv"vv}vv9PLG@vvO*vvOI
yvvzvvAvvgvv9hf6vvOaEKvv9OGAvvzvv(dyvvzvv}vvWvv9vvv{G}Svv9Svv+vv?hGyvvZvvgvv(<vv9JGyvvAvv,@vv(GFvv&GC|SvvTvv9J
GyvvAvvtvvz+O*vv?,h<vv9yvvAvv9[*vv}vvwvv#Ivv{GyvvgvvO*vvO|vv#GCWvvwvv;JGyvvAvv,@vv(GFvv&GyvvgvvO*vvO|vv#|vvWvv9Q*vvh
GyvAv"v}v+v?hGyv=vQG|vHG !v}v9Fv+v?,Ch:v"v=v%v9fv̂G}sv{,<v9SvAvMvOGeGBv=vQIGCAv(GpvQIpv,GCWv9Q*vh
GB9Y?.

hKv>fv̂Gyvtvav9YGBv9U@v(pv+vQ|vAvavzv=v9JpvQ*vuGyvgv}v{GyvPj*vTvAvtvO|v&,hvvzv}v9
CYvv=vvK$vvPGGyvvtvvavv9Ysvv9OQG

k
fvv̂@vvzvv=vv+vv?_vvzvv=vv9JGyvvAvv"vv}vv+vv?Gyvvgvv9C+vv?h<vvJvv(KGCGvvAvv}vvhGyvvOh[,
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C|vvwvv#@vv(pvv+vvQGC9dhGyvv(svvBpvv,GyvvgvvQVGyvvtvvQ*vv>.hvvv}vv9$vv(|vvgvvQha@vvAvv(GpvvQyvvOi$vvPG
Gyvvvtvvvavvv9Y|vvvgvvvQpvvv?hLvvv=vvvQILvvv9Yvvv?pvvv,Hvvv9d@vvv"vvvdvvv+vvv~<vvvQGAGJG:LvvvAvvvQGY,h@vvvTvvvAvvvMvvvOe$vvvPg
GCzvvwvv+vv9Jvvv}vvMvvAvv9QGJpvv,G}Svv(GbGCQ<vvJvv?pvv,GyvvOhdGyvvZvv"vv9fvv+vv?h*vv}vvwvv#!vvtvvzvv%vv9fvv#
_vQ*vuGyv%v=v9JChcvQhaG:SvAv+vQGOE]|vgv9$vOGyv=vJv(KGAvwv(|v+v?pv,GyvOhdGyv"v9|v+v?;
pvvv}vvvDvvv;

k
CfvvvO

q
JVvvvQvvvv?Svvv+vvv=vvv9(CIBA)Fvvv+"9J(Bacillus Thringiensis)hsvvvO|vvvAvvv%vvv9$vvvO*vvv?E]

GCQvvvRGyvvOh[yvv=vvJvv(KG}QRpvv,Gyvvqvv+vvz+=vv_.vvv}vv9*vv}vvwvv#Gyvvtvvavv9YGBvv9UCf*vvTvv9$vv~pvv,
@vvavv(*vvQh@vvTvv(*vvu|vv"vvAvvGvv9JGyvvAvvtvv9!vv9JGAvv+vv(*vv?VvvQ*vvavv?@vv(pvv+vvQGyvv=vv+vv8vv?GC"vv9Svv=vv?yvv&hGCAvv}vvDvvzvv?
<vvv(Fvvv(O!vvvdvvv9e|vvvQ@vvv>hOsvvv+vvvuLvvv(j,@vvvgvvvz+~fvvv9|vvv?Gyvvv"vvv9Spvvv(GFvvvOhJvvv9_vvvQGSvvvAvvvMvvvOG|vvv9J
GyvAvtv9!v9JGAv+v(*v?h|v"vAvGv97v9;E_v9Qfv}v{VvQfv,hsv9!v(PAv}v9*v?GCzvwv+v?GyvqvwvQ*v?;Gyv=v"v+v?
GyvvAvvJvvAvv+vv?GC"vv9Svv=vv?;Gyvv"vvtvv{hG:@vvZvv9:J;!vvdvv9e\vvQ*vv=vv,fvv9Od;Ivv(GpvvRGSvvAvvDvv}vv9Q*vv?;svv(i
fvvv9|vvvzvvv?Ivvv9Psvvv?;Ofvvv~Gyvvvtvvvavvv9YG@vvv9|vvvgvvv,<vvvWvvvwvvv{Fvvv+vvvO,GyvvvAvvv}vvv(*vvv{GAvvvwvvv(|vvv,yvvvzvvv=vvvJvvv(K
hGyvAv"v}v+v?,Iv(GpvRLv9Yv?<v9:LvAvQGfv9J,hCLv+vQG

k
EVvQGcfv"vZvQGCMv9_vQIfv̂GCTvAv(*v9J

Gy(_"+?hGyg9C+?.

3vvvvvG}|9fGA+(j
*vvgvv=qvvQfvv#GYvvavv;MG}|vv9fGAvv+vv(j(Biosafety)<vv}vvGvv}vv(fvv?GCtvv9*vv+vvUGCTvvAvvgvv}vvzvv?pvv,

GyvvAvvgvvQafvv̂GCMvv9_vvQGyvv"vv9:vv?fvv#GSvvAvvMvvOGeGyvvAvvtvv9!vv9JGAvv+vv(*vv?,CjGCMvv9_vvQGCAvvgvvzvvtvv?
<vvvvv9yvvvvvwvvvvv9Fvvvvv"vvvvv9JGyvvvvvOsvvvvv+vvvvvtvvvvv?GCJvvvvv(qQIChGCgvvvvvOqyvvvvv?hQGCvvvvv+vvvvv9

k
(Genetically Modified Organisms

(GMOs)),hEOGQI$vvvPgGCMvvv9_vvvQ|vvvDvvv{GCMvvv9_vvvQGyvvvqvvvavvvQ*vvv?ChGCMvvv9_vvvQGyvvvAvvv,@vvvAvvvMvvvavvv)Ch
@v;ReGyvAvtv9!v9JGCTvAvMvO|v?.h;vAv9L,$vPgGCMv9_vQfv9OIE]EOGQI!v(fv+v?Lv9Yv?.h@v"vWvz
GCMvvv9_vvvQfvvv9OI,fvvv#G:SvvvAvvvgvvv}vvv9dGBvvv9_vvvryvvvzvvvAvvvtvvv9!vvv9JChfvvv#GyvvvAvvvOLvvv;JGyvvvTvvv+vvv9Svvv+vvv?
hG:FvAv}v9fv+v?pv,GSvAvgv}v9dGyvAvtv9!v9JGAv+v(*v?.vvPyvx*vAv]v}v#GYvav;MG}|v9fGAv+v(j
GBvv(ahGyvvtvvzvvu|vv#G |vvwvv9!vv9JGyvvwvv=vv+vvQIyvv%vvPgGyvvAvvtvv9!vv9J,hR*vv9O7vv9pvvGvv(IGyvvQLvv9A<vv+#
G}ivvv"vvv+vvv9AhGyvvvqvvvtvvvQGA,E\vvv9pvvv?E]|vvvTvvv9GvvvAvvv%vvv9pvvv,pvvvtvvvOGyvvvAvvv"vvv(YGAvvv+vvv(j,hCLvvv+vvvQG

k
GBvvv(a

hGyvtvzvuG}Lv;sv,fv̂Iv+v9IGyvwv9Fv"v9JGyvOsv+vtv?GCwvAvWvqv?h;vQcG@v+"9J(GyvTvzv=v+v?)<v+#
C!(Gf%9.

4vvvvvEOGQIGCzw+?GyqwQ*?
*vvAvv}vvDvv{Gyvv%vvOa|vv#EOGQIGCzvvwvv+vv?GyvvqvvwvvQ*vv?<vvJvv}vv9*vv?G:<vvAvvwvv9QGJhsvvOQI@vv(Yvv+vvzvv%vv9E]

GyvvvAvvvtvvv9!vvv9JGCavvv(qQIpvvv,vvvv{|vvvwvvv9f|vvv#Gyvvvgvvv9D.h@vvvgvvvAvvv=vvvQGyvvvAvvvGvvv9QIGCQ@vvv=vvvavvv?<vvvJvvvtvvv(bGCzvvvwvvv+vvv?
GyvvqvvwvvQ*vv?(Trade-Related Intellectual Property Rights)|vvTvv=vv=vv?svvzvvtvv9

k
OGFvv}vv9

k
C"vvdvv}vv?GyvvAvvGvv9QI

Gyvgv9C+v?(World Trade Organization (WTO)),!vdvQGE]Cf
q

!vdv9e<vQGAGJG:LvAvQGYGAv9[

367



*vvqvv]vv{@vvzvvxG}svvavv9QGyvvAvv,yvv%vv9GLvvAvvQGfvv9Jvvv=vv+vvQIhsvv(*vv?vvv9yvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?
hIvvzvvqvv9Fvv%vv9,hEf

q
@vvgvvO*vv{!vvdvv9evvv%vvPG*vvAvvavvzvv>Fvv%vv(OG

k
vvv=vv+vvQI*vvZvvgvv>;vvtvv+vvtvv%vv9\vv}vv#!vvdvv9e

Gyvvgvv(C?GAvv9[.vvv}vv9Ef
q

GyvvtvvZvv(Qpvv,$vvPGGyvv"vvdvv9epvv,>vv9*vv?GCzvvwvv+vv?GyvvqvvwvvQ*vv?pvv,GyvvwvvDvv+vvQ|vv#
GyOhdGy"9|+?LO|#GSAD}9QGJGyta9YGB9Up,H9dGyAt9!9JGA+(*?.

pv,fv9e1998hYv{IvGv~|v=v+vgv9J|v"vAvGv9JGyvAvtv9!v9JGAv+v(*v?pv,GyvTv(bGyvgv9C+v?
E]13|vvvz+9QOh:Qfvvv̂G}svvv{yvvvvv80|vvv"vvvAvvvGvvv9

k
@vvvtvvvQ*vvv=vvv9

k
|vvvgvvvdvvv}vvv%vvv9PGJSvvv}vvv9J_vvv=vvv+vvv?.pvvv,

GyvvTvv"vv(GJG}Lvv+vvQI<vvOCJGyvvOhdGC"vvAvvGvv?C"vvAvvGvv9JGyvvAvvtvv9!vv9JGAvv+vv(*vv?<vvtvvavvrCvv}vv9QfvvtvvO*vv#
|vvv#Gyvvv=vvvJvvv(KGCwvvvDqvvvqvvv?hGCwvvvzvvvqvvv?pvvv,$vvvPGGCGvvv9d.h@vvvqvvv+vvvOBLvvvQG IvvvZvvv9AGJpvvv,RQGfvvv?
G}QG\vv,<vv9yvv=vvPhQGCgvvOyvv?hQGCvv+vv9

k
<vvz!vv&pvv,fvv9e2000RQfvvB44,2|vvz+(f$vvwvvAvv9Qfvv̂

GCTvvAvv(iGyvvgvv9C,|vv"vv%vv968pvv,GC8vv?pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,h23pvv,GC8vv?pvv,
G}QFv"vAv_h7pv,GC8v?pv,vv"vOG,h1pv,GC8v?pv,GyvZv_,h1pv,GC8v?pv,OhdCLvQi.
C|qvvv9C$vvv~GCJvvv9Yvvv+vvv{GCRQhfvvv?<vvv9yvvv=vvvPhQGCgvvvOqyvvv?hQGCvvv+vvv9

k
pvvv%vvv,pvvv(dGyvvvZvvv(*vvv9(25|vvvz+(f

$vvvwvvvAvvv9Q),hGyvvvPQI(10,3|vvvz+(f$vvvwvvvAvvv9Q),hGyvvvtvvvavvv#(5,3|vvvz+(f$vvvwvvvAvvv9Q).C|qvvv9fvvvOO
GCJvv9Yvv+vv{GCRQhfvv?<vv9yvv=vvPhQGCgvvOyvv?hQGCvv+vv9

k
pvvtvvOhYvv{E]40IvvZvv(:

k
.h@vvdvv%vvQ|vvgvvdvv~

$PgGCJ9Y+{sOQIf^|t9h|?G}fW9HGy]9QIhG}|QGV(25).

hpv,Sv=v+v{;vtv+vuG _v9QGyvTvz+~:SvAvMvOGeGyvAvtv9!v9JGAv+v(*v?:<vO|v#h\vhE_v9Q
f}{S+9S,,Cjh\hS+9S9JL9Y?69@|OjE]:

vvvvvR*vvv9OIG:SvvvAvvvDvvv}vvv9QGJpvvv,Gyvvv=vvvJvvv(KhGyvvvAvvv"vvv}vvv+vvv?<vvv}vvv9pvvv+vvv%vvv9G:SvvvAvvvDvvv}vvv9QGJGBvvv9Yvvv?
<9yAt9!9JGA+(*?.

vvvvvh\vhGyvAvQ@v+=v9JGC"vAvdv}v?GyvAv,;v}v,h@vgvzv~Gyvgv9|v?|v#G}pvQGOfv#GCMv9_vQGyvAv,svO
@d%Q|#Gyw9F"9JGCJ(qQIChGCgOqy?hQGC+9

k
(Genetically Modified Organisms (GMO)).

vvvvvEOGQIGCzw+?GyqwQ*?6Oa@WG+hGyta9YGB9Uf^G:SAD}9Qp,$PGGCG9d.

vvvvv@v"vdv+v~svav9YGyv=vJv(KGyvRQGfv+v?hGyv=vPhQGyv"v9:v?fv#Gyvtvav9YGBv9UAv}v9*v?pv(GFvO
GCRGQf_GyZj9QhGCTA%zw_GyqtQGAp,GyOhdGy"9|+?(26).

|vvv#Fvvv%vvv?CLvvvQi,GsvvvAvvvQMGyvvv=vvv9IvvvDvvv(fpvvv,|vvvgvvv%vvvO<vvvJvvv(KSvvv+vvv9Svvv9JGyvvvjvvvPGAGyvvvgvvv9C,

(25)Juma Calestous, «Modern Biotechnology (Brief 04),» in: Per Pinstrup-Andersen, ed.,

Appropriate Technology for Sustainable Food Security, 2020 Focus; no. 07 (Washington, DC:

International Food Policy Research Institute (IFPRI), 2001).

(26)GCZOQ!qT&.
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(IFPRI)Hvv}vv(fvv9JCQ<vvh|vv#GyvvTvv+vv9Svv9JAvv{|vvWvv9vvv{GyvvqvvtvvQGApvv,GyvvOhdGyvv"vv9|vv+vv?!vvgvvQV
y%9p,|9*\}G+A%9(27):

CvvvvvS+9S9J<J(KLO|?GyqtQGAh@A}D{<vvvv

(1)@vvv(R*vvvhGC(GQOGyvvvgvvv9|vvv?G \vvv9pvvv+vvv?fvvv̂Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?<vvv}vvv9pvvv+vvv%vvv9<vvvJvvv(K
GyvAvtv9!v+9JGAv+v(*v?Gyv(GfvOIyvzv}v"v9pvhG:FvAv}v9fv+v?,hEKv9O!vdv~Gyv=vJv(KGyv(_v"v+v?GyvRQGfv+v?
hGyg9C+?h@(S+g%9Ch<"9A!d9eFO*O.

(2);(*{GC"9phG:FA}9f+?E]|"9phL9Y?.

(3)>9*?It(bGCzw+?.

HvvvvvS+9S9JGA}9*?\OGCM9_QGyZJ+?

hPyvx<vqvJv[G}ivP*v?GCgvOyv?hQGCv+v9
k

CgvQpv?|vOiG!vAvtv9dG@v(G!v>GyvTvzv=v+v?GC}vQ\v?
y%9s={GCA9FQI69.

LvvvvvS+9S9J|(GF%?GCM9_QGy=+8+?

hPyx<(\hGy"d~hGyAWQ*g9JGB9Y?<9}|9fGA+(jv}9PvQS9<t9
k
.

OvvvvvS+9S9J@"d+~Gyta9YGB9U

hPyvvxfvv=vvQGyvvAvvWvvQ*vvgvv9JGBvv9Yvv?<vvPyvvxOQAG
k
yvvgvv}vvz+9JGIvvAvvwvv9QGyvvWvvQvvv9JGBvv9Yvv?

fvv̂GCTvvAvv(*vv9JGCJvvz+?hGCTvvAvv(*vv9JG svvz+}vv+vv?hGyvvgvv9C+vv?,h<vv9yvvAvv9[@vv"vvdvv+vv~Gyvvgvv;svv9J<vv+#
GCTA(*9JGyD;C?.

L9|T9

k
:Gy=PGQGCgOqy?<9y%"OS?Gy(QGC+?

yvvvtvvvO;vvvOCvvv"vvv9pvvv,GyvvvqvvvtvvvQIGyvvvTvvv9<vvvtvvv?fvvv#@vvvtvvv9!vvv9JGyvvv%vvv"vvvOSvvv?Gyvvv(QGCvvv+vvv?hGAvvv+vvv(*vvv?GyvvvAvvv,
GSvvvvAvvvvMvvvvO|vvvvBCLvvvv+vvvvQG

k
pvvvv,@vvvvgvvvvO*vvvv{h!vvvvtvvvv{Svvvv}vvvv9JGyvvvv=vvvvPGQG@vvvv+vvvvOI|vvvv#Yvvvv"vvvvrCh!vvvv(Y|vvvv#

Gyvv"vv=vv9@vv9J,E]Yvv"vvrCh!vv(YBLvvQ6vvOaG:SvvAvvqvv9OI|vv#$vvPgGyvvZvvqvv9J.h|vv#\vv}vv#$vvPg
GyvvTvv}vv9JLvvqvv̂GSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?pvv,GyvvRQGfvv?pvv,\vv(ABCvv9Q$vv9Gyvv]vv9QIfvv̂
Gyv=v+v8v?h<vMv9Yv?G !vTv9f,h@vzv(K|v+v9gG}8v9Qhiv+vQ$v9.hGyvTv|GdGCavQhMG6f$v($v{
*t(OGSAg}9dGy=PGQGCgOqy?hQGC+9

k
E]Lq^GSAg}9dGC=+OGJGyw+}+9F+??

(27)Pinstrup-Andersen, ed., Ibid.
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Ef
q

@vvavv(*vvQCYvv"vv9aGCJvv9Yvv+vv{G@vvO*vvOIfvv=vvQ|vvqvv9$vv+vv~Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?*vvtvvOe_vv+vvqvv9
k

(Spectrum)fvQ*v]v9
k
yvzv}v"v9pvhGyvwv9|v"v?yvwv{|v#GCRGQfv_GC"vAvGv_hGCTvAv%vzvwv_,h*vAv]v}v#

Lvqv̂@vwv9y+rG !vAv9LhR*v9OIGyvjv;d,h<v9yvAv9[GyvAvjvP*v?G@v+vOIhSv}v9JCLvQi@v]v9a
E]svvv+vvv}vvvAvvv%vvv9.h@vvvWvvv+vvvQGyvvvAvvvavvv(QGJG}h]pvvv,CSvvv(GbGC"vvvAvvvGvvv9JGC%vvv"vvvOSvvv?hQGCvvv+vvv9

k
<vvv(Fvvv(O

@vvjvv+vvQGJpvv,<vv"vv+vv?$vv"vvOSvv?GCJvv9Yvv+vv{GAvvtvvz+?Gyvvgvv9|vv?,CjGCzyvv(pvv?,<vvJvv+vvE:vvgvvzvv%vv9Fvvwvv"vv?
yvv;SvvAvvMvvOG|vv9JGyvvgvv9|vv?Ctvv9h|vv?G}fvvWvv9H(Glyphosate Herbicides (GH)),Ch$vv,@vvzvvx
G@vv+"9JGC"vvOHvv?<vv9C=vv+vvOGJGyvvavv=vv+vvgvv+vv?(Bacillus Thuringiensis (Bt)),h<vv9yvvAvv9[@vv"vvAvvH!vv=vv9@vv9J
PGJ|=+O<Qh@+",F+B6p9JIWQ*?hfW=+?|g+"?(28).

$vvPgG}Yvv"vv9a@vv|vvvOyvvzvv}vv"vvAvvGvv_@vvTvv%vv+vvzvv%vv9 OGQIG6pvv9JGyvvRQGfvv+vv?h<vv9yvvAvv9[Lvvqvv̂
@vvwvv9y+r|vvtvv9h|vv?G6pvv9JGAvvWvvQ*vv?hGyvvgvvWvv=vv+vv?<vv9C=vv+vvOGJGyvvwvv+vv}vv+vv9Fvv+vv?,vvv}vv9E8vv9@vvR*vvO|vv#
|vQh!v?Gyvgv}vz+9JGAvtvz+?.h@vAv(\vhGyvWv(G$vOyvAvzvxG}Yv"v9aGC%v"vOSv?hQGCv+v9

k
GCTvAvMvO|v?

pvv,@vv=vv"vv+vv%vv9GyvvTvvQ*vvh|vv#svv=vv{GC"vvAvvGvv_GyvvRQGfvv+vv_pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?|vv=vvAvvOFvv?
<v}vTv9Iv?<vTv+vav?pv,<vOG*v?G}|vQ,yvAvQ@vqvhvvDv+vQG

k
fv9e1999h@vZv{E]Iv(G]49pv,GC8v?

|#H}{|T9I?GCJ9Y+{G}S9S+?p,$PgGyOhy?(29).

h@vvvgvvvAvvv=vvvQGyvvv=vvv+vvv9!vvv9JGCtvvvO|vvv?|vvv#svvv=vvv{GC"vvvAvvvGvvv_GCTvvvAvvvMvvvO|vvv_hivvv+vvvQGCTvvvAvvvMvvvO|vvv_,
yvzv}vJv9Yv+v{GC%v"vOSv?hQGCv+v9

k
Iv(dGSvAvMvOG|v%v~GC=v+vOGJGyvwv+v}v+v9Fv+v?ChfvOeGSvAvMvOG|v%v~

yvvvv%vvvv9,|vvvv|VvvvvQG
k

,E\vvvv9pvvvv?E]GyvvvvTvvvv}vvvv9JChGyvvvvZvvvvqvvvv9JG}LvvvvQi,fvvvv̂svvvvQGQGJ@vvvv=vvvv"vvvv,$vvvvPg
G}Yvv"vv9a,hpvv,Gyvv(svvB!vvqvvTvv&fvv̂svvQGQGJGSvvAvvMvvOGeGC=vv+vvOGJpvv,fvv}vvz+9JGCwvv9pvvJvv?,
Fv9fvzv?<vPyvxfv}vz+?GCtv9Q!v?<v+"v%v}v9Hv9:

k
yvzvOQGSv?:<vO|v"v&.E\v9pv?E]Pyvx,svO@vgvtqvO

GBvvzvvavv?GCAvvjvv+vvQIyvvzvv}vv=vv+vvOGJGCQGpvvtvv?yvvgvv}vvz+?GyvvAvv=vv"vv,fvv}vvz+?GyvvAvvJvvz+{<vvTvv=vv>vvv(fYvvqvv9J
GyT}+?hGCt9h|?hi+QG9|A=9*"?<WOIp,Gy=+8?,h<M9Y?f"OGSAMOGeGC=+OGJ.

*vvvzLvvvPG:LvvvAvvvZvvv9Yvvv+vvv(fpvvv,Gyvvv%vvv"vvvOSvvv?Gyvvv(QGCvvv+vvv?hGSvvvAvvvgvvv}vvv9dGC=vvv+vvvOGJ<vvvDvvv;K_vvvQb
EIvvvZvvv9Fvvv+vvv?*vvv}vvvwvvv#Cf@vvvtvvvOehFvvv%vvv9J!vvvdvvvQ(Perspective)|vvvAvvvgvvvOOIfvvv̂GyvvvAvvvjvvv+vvvQGJGCAvvv(svvvh
IvOhCv%v9fv"vOGSvAvgv}v9dGC=v+vOGJGyvwv+v}v+v9Fv+v?<v9yvAvgv9hf|vhfv}vz+?@v=v"v,GCJv9Yv+v{GC%v"vOSv?
hQGC+9

k
,h$PgGyaQb$,(30):

1vvvvvGLvvAvv;pvv9JGyvvTvv"vv?!vvqvvTvv%vv9,h6vv9*vvtvv9Qf|vvAvv(SvvbGSvvAvvMvvOGeGC=vv+vvOGJ<vv+#GCAvv=vv"vv_

(28)Agriculture Fact Book 2000 (Washington, DC: United States Department of Agriculture

(USDA), Office of Communications, 2000).

(29)GCZOQ!qT&.
(30)GCZOQ!qT&.
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hFv%v?Gyv"vdvQ$vPghiv+vQGCAv=v"v_yv%v9,hsvO@v~Pyvxyvgv9|v,1997h1998pv,Gyv(:*v9J
GCAvvJvvOIG}|vvQ*vvwvv+vv?,hPyvvxyvv"vv(fvv+vv?IvvOOI|vv#GyvvAvvtvv9!vv9JhGCJvvZvv(dhG svvz+~,Cvv~q*vvavv=vvu
Ch*TAMOe$PGGCA(Sbf^GCT9I?Gywz+?GC"AG?yw{IZ(dhp,v{S"?.

2vvvvvGLvvvAvvv;pvvv9J|vvv#Svvv"vvv?yvvvTvvv"vvv?,h6vvv9@vvv|LvvvP@vvvtvvvO*vvvQGJG:LvvvAvvv;pvvv9JGCAvvvwvvv9|vvvzvvv?
:SvvvAvvvgvvv}vvv9dGC=vvv+vvvOGJyvvvgvvv9|vvv_Gvvv91997h1998,pvvv,GyvvvOhyvvv?GCPvvvv(QIhpvvvtvvv9

k
yvvvgvvv}vvvz+?

GyvvAvv=vv"vv,GCAvvRG*vvOICJvv9Yvv+vv{Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?,h*vv|LvvP|vvAvv(SvvbGSvvAvvMvvOGeGC=vv+vvOGJGyvvwvv\
yz}A="_hi+QGCA="_}Y"9aGy%"OS?Gy(QGC+?.

3vvvvv;vvvz+{G:LvvvAvvv;a,h<vvv&@vvv|LvvvPG:LvvvAvvv;pvvv9JGCtvvvOQIpvvv,GSvvvAvvvgvvv}vvv9dGC=vvv+vvvOGJ
yvvgvv9|vv,1997h1998hPyvvx<vv9SvvAvvMvvOGe|vv(O*vv{Ch!vv}vv(PL|vvQGsvv=vv?GsvvAvvZvv9Ojyvvzvvgvv(G|vv{
G}LvvQi,Lvv;a@vv=vv"vv,Ivv9Yvv+vv{Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?GyvvAvv,*vv}vvwvv#Cf@vv|CvvQfvv̂GSvvAvvMvvOGe
GC=+OGJ.

yvvvtvvvO@vvv=vvv_hFvvv(OGLvvvAvvv;pvvv9Jpvvv,<vvvgvvv̂GyvvvTvvv"vvv_<vvv+#|vvvAvvv(SvvvbGSvvvAvvvMvvvOGe|vvv=vvv+vvvOGJ
G6pv9Jh<v+#fvOOGCAv=v"v_hiv+vQGCAv=v"v_,@vwvWvrCf

q
GCRGQfv_GCAv=v"v_Iv9Yv+v{Gyv%v"vOSv?

Gyvv(QGCvv+vv?:GyvvPQI,pvv(dGyvvZvv(*vv9hGyvvtvvavv#svvOGSvvAvvgvv}vvzvv(G7,6|vvz+(f|vvgvv9|vvzvv?pvv,GyvvqvvOGf,
Csvv{(2,5pvv,GC8vv?),<vv9C=vv+vvOGJ|vv#ivv+vvQGCAvv=vv"vv_yvv%vvPgGCJvv9Yvv+vv{fvv9e1997(31).hyvvtvvO
GQ@vqvh$vPGG:LvAv;ay+tv9QHGyvvvv17|vz+(f|vgv9|vzv?<v9yvqvOGfCsv{(4,4pv,GC8v?)|v#sv=v{
GCA="_p,f9e1998(32).

yvvtvvOG!vvMvvqvv̂G:LvvAvv;apvv,Gyvvwvv}vv+vv?Gyvvqvvgvv9yvv?GCTvvAvvMvvO|vv?|vv#svv=vv{ivv+vvQGCAvv=vv"vv_fvv9e
1997(331Cyvr<v9h!vOCjCsv{|v#0,1pv,GC8v?|v#Gyvwv}v+v?G =v9y+?GCTvAvMvO|v?fv9e
1997,E]135Cyvvr<vv9h!vvO@vvtvvQ*vv=vv9

k
fvv9e1998),vvv}vv9hFvvOJC*vv]vv9

k
GLvvAvv;pvv9J<vv+#

f9|,1997h1998p,H}{GC=+OGJGCTAMO|?.

C|qvv9GyvvAvvjvv+vv+vvQpvv,GCTvv9Ivv9JGCRQhfvv?(yvvzvv}vvAvv=vv"vv_Ivv9Yvv+vv{Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?hivv+vvQ
GCAvvv=vvv"vvv_yvvv%vvv9)pvvvtvvvOhYvvv{E]@vvvTvvvgvvv?|vvv;*vvv_pvvvOGfCsvvv{|vvvgvvv9|vvvzvvv?<vvv9C=vvv+vvvOGJ,CjIvvvZvvv{
G!vMvqv9V<v9SvAvgv}v9dGC=v+vOGJsvOQg2,9pv,GC8v?.hKv>Cf!v;IveCf

q
$vPgGCtv9Q!v9JD

@vvzLvvPpvv,IvvTvv9<vv97vv9Ivv9:J@vvjvv+vvQGC"vv9Nh\vvjvv(WG6pvv9JhGyvvgvv(G|vv{G}LvvQiGyvvAvv,svvO
@vv|CvvQfvv̂GSvvAvvgvv}vv9dGC=vv+vvOGJ.Ef

q
G::vv9gGyvvgvv9eCgvvO:JGSvvAvvMvvOGeGC=vv+vvOGJpvv,|vvwvv9pvvJvv?

G6pv9JhGAvWvQGJyvzv}vJv9Yv+v{GyvQFv+vTv?pv,Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?BLvP<v9yvAv"v9sv[

(31)*gQaGyqOGfGCg9|{<gOOGyqOGO*#GCg9|z?|]Qh<9
k
<gOO|g9|;JQTGC=+OGJ.

(32)GCZOQ!qT&.
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|vv"vvPfvv9e1996,h$vvPG*vvDvv=vvBCCvvQGSvvAvvMvvOGeGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?pvv,GyvvRQGfvv?;pvv}vvDvv;
k

fvv"vvO
@vv=vv"vv,CYvv"vv9apvv(dGyvvZvv(*vv9GCgvvOqyvv?hQGCvv+vv9

k
hGyvvWvvO*vvOGyvvAvvJvv}vv{yvvzvv}vv=vv+vvOGJ,GQ@vvqvvgvvB!vvTvv=vv?

GSvAvMvOG|v%v9|v9<v+#7vvvvv45pv,GC8v?hvv9f|vAv(Svb|vgvOdG:SvAvMvOGeGyvTv"v(jyvjvz+qvTv9J
(Glyphsate)svvvOGQ@vvvqvvvh|vvv#0,17<vvv9h!vvvOpvvv,GyvvvqvvvOGffvvv9e1996,E]0,43<vvv9h!vvvOpvvv,

GyvqvOGffv9e1998,pv,Iv_G!vMvqv]vB=v+vh|vQvv=v9J|v=v+vOGJG}fvWv9H(Herbicides)

|vv#1<vv9h!vvOyvvzvvqvvOGfE]0,57<vv9h!vvOpvv,GyvvqvvOGfpvv,Gyvvgvv9|vv_GCPvvv(Q*vv#!vvqvvTvv+vv%vv}vv9,h$vvPG
*vAvQFv~pv,Lvqv̂|v9*vtv9QH10pv,GC8v?|v#GCgvOdGyvwv\C=v+vOGJG}fvWv9HGCTvAvMvO|v?
f^p(dGyZ(*9L;dGyqAQI(33).

|vvv#Fvvv%vvv?CLvvvQiSvvv}vvvK;vvvz+{G:LvvvAvvv;a(Regression)yvvv;LvvvAvvv;pvvv9J<vvv+#GCAvvv=vvv"vvv_
hiv+vQGCAv=v"v_yv~Yv"v9aGCgvOqyv?GCtvQh!v?<v9SvAvMvOGe|v=v+vOGJ<v+#fv9|v,1996h1998,
Ivvv+vvvEsvvvOQJGyvvvAvvvJvvvz+;J!vvvTvvv=vvv?Lvvvqvvv̂GSvvvAvvvgvvv}vvv9dGC=vvv+vvvOGJ<vvv9yvvv"vvvTvvv=vvv?E]R*vvv9OI@vvv=vvv"vvv,
GCJvv9Yvv+vv{GC%vv"vvOSvv?hQGCvv+vv9

k
<vv+#Gyvvgvv9|vv_GCPvvv(Q*vv#<vvJvv(G]19,1|vvgvv9|vvzvv?yvvzvvqvvOGf(Cj

6,2pvvvv,GC8vvvv?|vvvv#Hvvvv}vvvv(Y|vvvvgvvvv9|vvvv;Jfvvvv9e1997)Vvvvv9|vvvvzvvvv?(Bt)GyvvvvPQI.h@vvvvgvvvvwvvvvU$vvvvPg
GyvvvAvvvtvvvO*vvvQGJ|vvvtvvvOGQGBvvvqvvv̂pvvv,GSvvvAvvvgvvv}vvv9d|vvv=vvv+vvvOGJGAvvvWvvvQGJfvvv̂Gyvvvtvvvavvv#h|vvv=vvv+vvvOGJ
G}fvvWvv9HCSvv+vvAvv9|vv+vvO(Acetamide)GCTvvAvvMvvOepvv,GyvvPQI;h|vv=vv+vvOGJG}fvvWvv9HG}LvvQi
Svv+"Dvv+vvAvv+vvx(Synthetic)GCTvvAvvMvvO|vv?|vvhpvv(dGyvvZvv(*vv9;<vvJvv+vvE*vv(GRf|vv=vv+vvOGJG}fvvWvv9H
iz+qT9J(Glyphsate)GCTAg}{|hp(dGyZ(*9(34).

CLvv+vvQG*vvavvQMGLvvAvvZvv9Yvv+vv(GC=vv+vvOGJSvv|G:
k
pvv,$vvPGGBvvZvv(Uh*vvtvv(yvv(f:$v{|vRL

|=+OGJG6p9J*gA=Q|Wwz??

pvv,Gyvv(Gsvvh<vv+"vvBGyvvAvvjvv+vvQGJpvv,!vvAvv9FvvH|vvgvv9|vv;JGCTvv9Ivv9JGCgvv9|vvzvv?<vv9C=vv+vvOGJCf
q

svQGQGJGyvAv=v"v,@vtvh<v}vOi|v#6,8|vz+(f|vgv9|vzv?<v9yvqvOGfE]19|vz+(f|vgv9|vzv?<v9yvqvOGf
fvvv=vvvQCvvv;K_vvvQbyvvvzvvvAvvvtvvvO*vvvQGJ(GC=vvv+"?Svvv9<vvvtvvv9

k
),h<vvv9yvvvAvvv9[COJE]Lvvvqvvv̂|vvvAvvv=vvv9*vvv#pvvv,

Gyvvvvvvwvvvvvv}vvvvvv+vvvvvv9JGyvvvvvvqvvvvvvgqvvvvvv9yvvvvvv?,Cj|vvvvvv#Lvvvvvvqvvvvvv̂Yvvvvvv9asvvvvvvOQg0,3|vvvvvvz+(f<vvvvvv9h!vvvvvvOpvvvvvv,fvvvvvv9e
1997(<vv9SvvAvvMvvOGeGyvvavvQ*vvtvv?!vvqvvTvv%vv9GCTvvAvvMvvO|vv?Ctvv9Q!vv?GCAvv=vv"vv_hivv+vvQGCAvv=vv"vv_yvv~Yvv"vv9a

GCgvOyv?hQGCv+v9
k
),hLvqv̂Yv9asvOQg8,2|vz+(f<v9h!vO(<v9SvAvMvOGe_vQ*vtv?|vtv9Q!v?GyvTv"v?

<vvTvv"vv?yvvzvv}vvAvvjvv+vvQGJpvv,vvv}vv+vv9JGC=vv+vvOGJGCTvvAvvMvvO|vv?<vv+#fvv9|vv,1997h1998)(35).Ef
q

IvvZvvQCCvvQGC=vv+vvOGyvvgvvWvv=vv,(GyvvPj*vvTvvAvvavv+vvhGSvvAvvgvv}vv9d(Glyphsate Herbicide (GH))*vvAvvavvzvv>

(33)GCZOQ!qT&.

(34)GCZOQ!qT&.

(35)GCZOQ!qT&.
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CvvDvQ|v#fv}vz+9JIvTv9<v+?<vTv+vav?,pv,|v9EPGGSvAvgv}v{vv}v+v9J|v#GC=v+vOGJCvvDvQChCsv{
Fvv9*vvAvv(Fvv>.h<vv9yvvAvv9[pvvAvv=vv"vv,$vvPgGyvvAvvtvv"vv+vv?*vv|OjE]@vvjvv+vv+vvQLvvzvvavv?GC=vv+vvOGJGCTvvAvvgvv}vvzvv?pvv,
Gyv"vdv9eGyvRQGfv,,h<v9yvAv9[*vjv+vQGyvwv}v+v9JGCTvAvgv}vzv?.hfv"vO|v9@vAvjv+vQLvzvav9JGC=v+vOGJpv;
<OCf*Aj+QIG~GCg9|;J<9yqOGfChv}+9JGC(GOGyqg9y?yz}=+OGJGCMAzq?.

S9OS9
k

:EOGQIC(QIGCJ9Y+{GCgOqy?hQGC+9
k

pvv,\vv(AG Kvv9<vv+9JhGyvvTvvzvv=vv+vv9JGBvv9Yvv?<vv9CJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9
k
*vvavvQMGyvvTvv|Gd

GyA9[:

$v{@vAv=v"v)GyvOhdGyv"v9|v+v?GyvTv+v9Sv9JGyv(GfvOIyvRQGfv?GCJv9Yv+v{GCgvOqyv?hQGCv+v9
k

,Ce
$v{<vAv9Q$vPgGyvOhdGyvTv+v9Sv9JGyvtv9Fv}v?fv̂<vbAG!vAvWv9QGyvDv(QIGBv]vQGAGyvRQGfv+v?GyvDv9yvDv?
(C(QIGy%"OS?Gy(QGC+?hGyAt9!9JGA+(*?)?

pvvv,Gyvvv(Gsvvvh@vvvdvvv%vvvQVvvv(G$vvvOGyvvvTvvv"vvv(GJG}Lvvv+vvvQIGBvvvzvvvb<vvv+#!vvv(fvvv,GyvvvTvvv+vvv9SvvvAvvv_
GCPvvvvv(Q@vvvv+#;pvvvvqvvvv,<vvvvgvvvv̂GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?Gyvvvvwvvvv=vvvv+vvvvQIvvvvv9yvvvvZvvvv_h\vvvvgvvvvB$vvvvPgGyvvvvOhyvvvv?
GyvvTvv+vv9Svv9JGCWvvGvvgvv?yvvzvvAvv"vv}vv+vv?GCTvvAvvjvvzvv?pvv,RQGfvv?GCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9

k
,pvv,Ivv_D

@v(GpvuOhd!v9|v+v?|vWv%v(QICLvQifv̂RQGfv?$vPgGCJv9Yv+v{,h:fv̂Sv+v9Sv?GyvAv"v}v+v?
GCAgzt?69.

Ef
q

G!vgvav9aGyvOhdGyv"v9|v+v?yvAvgvR*vRChyv(svrG!vAvWv9QGCJv9Yv+v{GCgvOqyv?hQGCv+v9
k
*v}vwv#

GAvwv~fvz+&,vv}v9*vtv(dGCMvAvZv(f,|v#Lv;dGyvTv+v9Sv9JGyvAv,@v(FvOpv,?vTv?Ivtv(d
ChHvvv9:JCh|vvv"vvv9_vvvu|vvv"vvvqvvvZvvvzvvv?h$vvv,Svvv+vvv9Svvv9J:Ivvvtvvv(bGCzvvvwvvv+vvv?GyvvvqvvvwvvvQ*vvv?;G}|vvv9f
GAv+v(j;G}|v9fGyvjvPGFv,;GyvTv+v9Sv?GyvAvGv9Q*v?;hG:SvAvDv}v9QGJpv,Gyv=vJv(KGAvwv(|v+v?Ch
Gyta9YGyg9e(36).hp,|9*\@(\+Kyw{|"%9.

1vvvvvL+9QS+9S?It(bGCzw+?GyqwQ*?
EPGQivv=vvBGyvvOhdGyvv"vv9|vv+vv?<vv{Ivv]vv9Q@vvtvv9!vv9JGCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9

k
hGSvvAvvMvvOG|vv%vv9

pvv,C!vvdvv}vvAvv%vv9GyvvRQGfvv+vv?,pvv;<vvOCf@vvgvvAvvQa<vv=vvgvv̂Ivvtvv(bGCzvvwvv+vv?GyvvqvvwvvQ*vv?yvvzvvWvvQvvv9J
GCav(qQIyv%vPgGCJv9Yv+v{GCgvOqyv?hQGCv+v9

k
.hpv,GAv9:JGyvWvO*vOI*v}vwv"v%v9(GyvOhdGyv"v9|v+v?)

@vv=vv"qvv,!vv}vv(PLIvvtvv(bGCzvvwvv+vv?GyvvqvvwvvQ*vv?yvvzvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,h<vv9yvvAvv9[@vv]vv}vv#
>vv9*vv?vvv9|vvzvv?yvv;<vvAvvwvv9QGJChG:LvvAvvQGfvv9J.hpvv,Svv+vv9Svv?Csvv{@vvWvvGvv+vvgvv9

k
,*vv}vvwvv#@vvavv=vv+vvu

(36)Robert L. Paarlberg, «Governing the GM Crop Revolution: Policy Choices for Developing

Countries,» (Report, International Food Policy Research Institute (IFPRI), Washington, DC, 2000).
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|vv]vv}vv(fG:@vvqvv9svv+vv?GyvvOhy+?yvv]vv}vv9fIvvtvv(bGCzvvwvv+vv?GyvvqvvwvvQ*vv?CQNGyvv"vv=vv9@vv9Jyvvgvv9e1991
GyvvAvv,@vvqvv(qV|vvQNGyvv"vv=vv9@vv9J:SvvAvvMvvOGeG}Yvv"vv9aGCJvv}vv+vv?(Protected Varieties (PV))

vv}v(QOCSv9Sv, Kv9OG}Yv"v9aG@vO*vOI(G@vqv9sv+v?G:;v9OGyvOh[Av}v9*v?CYv"v9aGyv"v=v9@v9J
G@vvvO*vvvOI(International Union for the Protection of New Varieties of Plants (UPOV)).
C|qvvv9Gyvvv"vvv}vvv(PLG}vvvvDvvvQ\vvvgvvvqvvv9

k
pvvv+vvvWvvvAvvv}vvv{fvvv̂Gyvvv"vvvTvvvMvvv?G}svvvOeyvvv;@vvvqvvv9svvv+vvv?GyvvvOhy+?Avvv}vvv9*vvv?

G}Yvv"vv9aG@vvO*vvOIyvvzvv"vv=vv9@vv9Jyvvgvv9e1978,GyvvAvv,;vvAvvqvve<vvJvvtvv(bGCRGQfvv_ fvv9OIRQGfvv?
Gyvv=vvPhQ|vv#G}Yvv"vv9aGCJvv}vv+vv?pvv,|vvRGQfvv%vv~GBvv9Yvv?.C|qvv9Gyvv"vv}vv(PLGyvvQG<vvhhGyvv]vvgvv+vvrpvv;
*gAQa<z*?It(b|zw+?pwQ*?CQNGy"=9@9J.

2vvvvvL+9QS+9S?G}|9fGA+(j
pvvvv,Hvvvv9dG}|vvvv9fGAvvvv+vvvv(jChGyvvvv=vvvv+vvvv(yvvvv(Fvvvv,,pvvvv{f|vvvvgvvvvdvvvv~GyvvvvTvvvv+vvvv9Svvvv9JGCWvvvvGvvvvgvvvv?

yvvzvv}vvJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9
k
@vvgvv}vv{fvv̂GC(Gpvvtvv?fvv̂GSvvAvvgvv}vv9d$vvPgGCJvv9Yvv+vv{|vv#Ohf

CjIvvvPQ,hyvvvwvvv#@vvvOQSvvvv{Ivvv9yvvv?yvvv(IvvvO$vvv9,Cj@vvvAvvv~ivvvQ<vvvzvvv?G@vvv+"9Jivvv+vvvQGCAvvvOpvvvtvvv?
hivvvv+vvvvQGCQivvvv(<vvvv?(Unwanted Gene Flow).Ef

q
Gyvvvv"vvvv}vvvv(PLGyvvvAvvvWvvvMvvv+vvvZvvv,*vvvvzLvvvvP<vvvvjvvvvQ<vvvvzvvvv?

GCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9
k

Ivv9yvv?<vvgvvOIvv9yvv?hyvvwvv#pvvtvvb<vv9yvv"vvTvv=vv?E]GCMvv9_vvQGyvvAvv,*vv}vvwvv#
ECvv=vv97vv9fvvzvv}vv+vv9

k
;C|qvv9Gyvv"vv}vv(PLG}vvvDvvQIvvPQG

k
Gyv(sv9*v?,pvv+vvQiQpvvhGCJvv9Yvv+vv{GCgvvOyvv?hQGCvv+vv9

k

Ivv9yvv?<vvgvvOIvv9yvv?(yvvwvv{Ivv9yvv?<vv}vvqvvQO$vv9),hIvvAvv)|vv#Ohf<vvQ$vv9fChpvvJvv[_vv9C9$vv"vv9c
hFvvv(Oyvvv=vvvgvvv̂Gyvvv"vvvtvvv9WGyvvvgvvvzvvv}vvv+vvv?ivvv+vvvQGC]vvv}vvv(!vvv?(G}vvvv+vvvOI);hGyvvv"vvv}vvv(PLG}Lvvv+vvvQGC"vvh,
*vqvAvQVGBvavQpv,=v+vhGAv9:J<vTv=v>vv(fGCJv9Yv+v{GCgvOqyv?hQGCv+v9

k
fv}vz+9Jyvzv%v"vOSv?

Gy(QGC+?FO*OI.

3vvvvvL+9QGyT+9S?GyAG9Q*?
@vvgvvAvv=vvQ|vv(Gpvvtvv?GCTvvAvv%vvzvvxfvv̂VvvQGAGCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9

k
pvv,GyvvOhdGCTvvAvv(QOI,

G}Svv9S:SvvAvv}vvQGQG!vvAvvWvv9Q$vvPgGCJvv9Yvv+vv{h|vv"vvAvvGvv97vv9.h|vvhGpvvAvvQGV|vv(Gpvvtvv?GCTvvAvv%vvzvvx,
pvv{fSvv+vv9Svv?@vvQh*vvH:vv9QIGCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9

k
SvvAvv=vvJvvECGvv+vv?GC(GOGyvv"vv=vv9@vv+?GCgvvOqyvv?

hQGCvvv+vvv9
k

hGyvvv=vvvPhQ|vvv#OhfhFvvv(OIvvvOOGJ,hvvvvPyvvvx@vvvQh*vvvHRQGfvvv?GCJvvv9Yvvv+vvv{GCgvvvOqyvvv?
hQGCv+v9

k
|vhG}|v{<vMvqv̂@vwv9y+rG !vAv9LGCRQfv+v?,h<v9yvAv9[@vZv=vKGyvOhdGCZvOQICvvDvQ

@vvv"vvv9pvvvTvvv9
k
.Ef
q

Gyvvv"vvv}vvv(PLG}vvvvDvvvQIvvv+vvv9OG
k

Kvvv>Cf:*vvvwvvv(f|vvvWvvvGvvvgvvv9
k
ypvvvvvv,Ch|vvv9!vvvgvvv9

k
|vvv#RQGfvvv?

GCJvv9Yvv+vv{GCgvvOqyvv?,hC!qvv&*vvgvv9|vv{Gyvv=vvPhQGCgvvOqyvv?hQGCvv+vv9
k

hGCTvvAvv(QOGJGyvvTvvzvvgvv+vv?GCgvv9|vvzvv?
!vqvTv%v9h<v9yvavQb!vqvTv%v9|vTvAv(QOGJGyvTvzvhiv+vQGCgvOqyv?hQGCv+v9

k
.C|qv9Gyv"v}v(PLG}vvDvQ;vP*vQG

k

yvzvTv+v9Sv?GyvAvGv9Q*v?,pv+vAv}vDv{<vAvav(*vQh@vav=v+vu_vQb|v"vqvZvzv?CvvDvQ;vO*vOG
k

h@v"vdv+v}v9
k

hh\vgv9
k

yvvzvvgvv;|vv9JGC}vv+vvRIyvvzvv=vvPhQGCgvvOqyvv?hQGCvv+vv9
k

ChGyvvTvvzvvhGyvv"vv9:vv?fvv"vv%vv9GCTvvAvv(QOI<vv9Ctvv9Q!vv?|vvh
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GyvvTvvzvvhhGyvv=vvPhQivv+vvQGCgvvOqyvv?hQGCvv+vv9
k
.C|qvv9Lvv+vv9QSvv+vv9Svv?|vv"vvhGCAvv9FvvQIChhsvvqvv%vv9,pvv+vvAvv}vvDvv{

<vJvQ|v9fGCTvAv(QOGJGCgvOqyv?hQGCv+v9
k

|v#GyvOLv(dE]Gyv=vzvO,hvvPyvxh\vhGAv(GFvRC|v9e
RQGf?GCJ9Y+{GCgOqy?hQGC+9

k
.

4vvvvvL+9QS+9S?C|9fGyjPGA

pv,$vPGGCGv9d@vtv(eSv+v9Sv?GyvAvWvGv+vhfv̂CSv9SfvOehFv(OCLvav9Qfv̂GyvZvJv?

G !vvTvv9!vv+?!vvAvv+vvGvv?GSvvAvv%vv;cGCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9
k

h|vv"vvAvvGvv97vv9|vv#GyvvTvvzvvh,h<vv9yvvAvv9[pvv;
\vQhQI FvQGA;vQ*v9JE\v9pv+v?Chh\vhfv;|v9JFv+vRIyv%v9.Ef

q
Gyv"v}v(PLG}sv{@vWvGv+vgv9

k

*vvvavvvzvvv>fvvv;|vvv9JFvvv+vvvRIyvvv=vvvgvvv̂G}ivvvP*vvv?GCgvvvOqyvvv?hQGCvvv+vvv9
k

\vvv}vvv#G$vvvAvvv}vvv9|vvv9JGCTvvvAvvv%vvvzvvvx
hIvvtvv(svv&,CgvvQpvv?GCtvv9*vv+vvUGC}vv+vvRIhGCAvvTvv9$vvzvv?Gyvvwvv9pvv+vv?h<vvJvv+vvE:*vv(FvvOpvvZvv{ChfvvRd
vv9|v{yvzvTvzvhGCgvOqyv?hQGCv+v9

k
fv#GyvTvzvhiv+vQGCgvOqyv?hQGCv+v9

k
(Gyvgv9O*v?).C|qv9Gyv"v}v(PLG}vvDvQ

IvvvPQG
k
pvvvTvvv+vvvqvvvQVhFvvv(Ofvvv;|vvv9JFvvv+vvvRIhVvvv9|vvvzvvv?CMvvvAvvvzvvvrG}ivvvP*vvv?GCgvvvOqyvvv?hQGCvvv+vvv9

k
vvvv}vvv9

*vavzv>fvRdG}Sv(Gb,pv,Iv_*vQiv>!v}v(PLGC"vh<v9C"vhGyvwv\yv~ivP*v?GCgvOqyv?hQGCv+v9
k

hE+R$9<aQbhG\J?yq]J%9h|"hGSAg}9y%9(37).

5vvvvvL+9QS+9S?G:SAD}9QGJGy=JD+?GAw(|+?

Kvv>fvv̂GyvvOhdGyvv"vv9|vv+vv?E!vvWvv9AChEKvv9O|vvOiBvv+vv9QGJG:SvvAvvDvv}vv9QGJpvv,Gyvv=vvJvv(K

GyvvvRQGfvvv+vvv?:vvv9gGCJvvv9Yvvv+vvv{GCgvvvOqyvvv?hQGCvvv+vvv9
k

,pvvvqvvv,!vvv}vvv(PLGyvvvAvvvQh*vvvH*vvv}vvvwvvv#YvvvQa|vvv(GQO
GBvvR*vv"vv?vvvzvv%vv9yvvAvvavv(*vvQGCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9

k
.C|qvv9pvv,!vv}vv(PLGyvvAvvQLvv+vv[pvv%vv"vv9cE|vvwvv9!vv+?

yvvvZvvvQaG:SvvvAvvvDvvv}vvv9QGJpvvv,$vvvOaIvvvOOvvvv9yvvvAvvvZvvv9yvvv>GyvvvQFvvvgvvv,yvvvzvvvTvvv}vvv9JGCgvvvOqyvvv?hQGCvvv+vvv9
k

hGCavvvv(qQI|vvvv#svvvv=vvvv{G6LvvvvQ*vvvv#pvvvv,<vvvv;R|vvvv9Gyvvvv"vvvv(*vvvv9JGCJvvvvz+?(Backcrossing GM Traits

Domestic Germplasm),pvv,Ivv_*vvTvv}vvK!vv}vv(PLGyvv(svv9*vv?yvvgvvzvv}vv9AGyvvOhdGyvv"vv9|vv+vv?<vvAvvgvvtvv>
GyvvvAvvvZvvv9yvvv>GyvvvQFvvvgvvv,yvvv"vvvtvvv{G@vvv+"9Jyvvv~Yvvv"vvv9aGCJvvvz+?EPGQivvv>GC}vvv(yvvv(fOpvvvh@vvvwvvv9y+r
Pyvvx.C|qvv9Gyvv"vv}vv(PLGyvvQG<vvhhG}Lvv+vvQ(GC"vvh)pvv;*vvTvv}vvK|vvavvzvvtvv9

k
<vvZvvQaC*vv?!vvtvv(Oh_vv"vv+vv?Ch

!vvtvv(OGC}vv(y+#fvv̂<vvJvv(KGCJvv9Yvv+vv{GCgvvOyvv?hQGCvv+vv9
k(38).G@vvOhdGyvvAvv9[*vvgvvQV|vvzvvMvvZvv9

k

yv%vPgGBv+v9QGJGBv}vTv?.$vPGhsvOGLvAv9QJGyvZv_Sv+v9Sv9JGyv"v}v(PLGyvDv9P(GyvAvQLv+v[)
:vvv9gGCJvvv9Yvvv+vvv{GCgvvvOqyvvv?hQGCvvv+vvv9

k
,pvvv,Ivvv_GLvvvAvvv9QJvvvv{|vvv#Gyvvv=vvvQGR*vvv{hGyvvv%vvv"vvvOhvvvv+"+vvv9

Gy"}(PLGyD9yE(Gy(s9*?).

(37)GCZOQ!qT&.

(38)GCZOQ!qT&.
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G@OhdQs~(8vvvvv5)
S+9S?G:LA+9QGJ:9gGCJ9Y+{GCgOqy?hQGC+9

k

GyT}?GyAQh*HGyAQL+[Gy(s9*?GC"h

Ivtv(bGCzvwv+v?

GyqwQ*?

>v9*v?vv9|vzv?yvzv}vMvAvQfv_

h|vvQNGyvv"vv=vv9JhGAvvtvv(b

G}LvvvvQihpvvvvuG@vvvvqvvvv9svvvv+vvvv?

UPOV,1991(1)

|vvQ<vv(Gyvv"vv=vv9JhpvvuG@vvqvv9svv+vv?

UPOV,1991

|vvvQ<vvv(Gyvvv"vvv=vvv9JhpvvvuG@vvvqvvv9svvv+vvv?

UPOV,1978GyvvvvvvvvvP*vvvvvvvvv#

LAqd(f<Jt(bGCRGQf_
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(2)(IPR)=It(b|Q<(Gy"=9@9J,(WTO)=|"d}?GyAG9QIGyg9C+?.
GCZvvvOQ:Robert L. Paarlberg, «Governing the GM Crop Revolution: Policy Choices for Developing

Countries,» (Report, International Food Policy Research Institute (IFPRI), Washington, DC, 2000).

376



Ef
q

Gyvv]vvjvv(WGyvvgvv9C+vv?GyvvAvv,|vv(QSvvBfvv̂GyvvOhdGyvvZvv"vv9fvv+vv?GC"vvAvvGvv?yvvzvv}vvJvv9Yvv+vv{
GCgvvOqyvv?hQGCvv+vv9

k
COqJE]QSvv~hEfvvOGOCQ<vvhhSvv9Fvv{CTvv9fvvOIGyvvOhdGyvv"vv9|vv+vv?pvv,VvvQM

Gyvv"vv}vv9PLG}Q<vvgvv?GyvvTvv9<vvtvv? |vvwvv9!vv+?GSvvAvvMvvOGe$vvPgGCJvv9Yvv+vv{GCgvvOqyvv?hQGCvv+vv9
k

h|vv"vvAvvGvv97vv9
$,:

vvvvvGCGvvv}vvv(fvvv9JGyvvv=vvv+vvv8vvv+vvv?GC(Fvvv(OIpvvv,ChQh<vvv9hC|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?CfvvvOJvvvv;
k
|vvv#:

hSv9Fv{G iv9QI,GyvOfv9hiChGyvtv]v9*v9,G}fv}v9dGC=v9VvQI cv%v9QYv(JGyvOhdGyv"v9|v+v?
:9gGCJ9Y+{GCgOqy?hQGC+9

k
<Ww{s(jh<M9Y?GCg9Q\?|"&.

vvvvvVvvvwvvv(cGCTvvvAvvv%vvvzvvvxpvvv,ChQh<vvv9hGy+9<vvv9f<vvvMvvvZvvv(UGCJvvv9Yvvv+vvv{GCgvvvOqyvvv?hQGCvvv+vvv9
k

:

@WGhf^RQGf?$PgGCJ9Y+{Gy(GQOI|#s={GCZOQ*#|#GyOhdGCAa(QI.

vvvvvGyvvZvv(JGyvv(svv9Fvv,yvv=vvQh@vv(vvv(dG}|vv9fGAvv+vv(jyvvgvv9e2000GyvvPjLvvwvv~;vvQvvv9J
G!At9dGCJ9Y+{GCgOqy?hQGC+9

k
,h$,;P*QGJC|9fI+(js(*?p,Gyg9DGy"9|,.

vvvvv@vQvv+vR|vTv9fvOIGC}v(y+#yvzvOhdGyv"v9|v+v?pv,Hv9dGyvAvtv9!v9JGAv+v(*v?GyvRQGfv+v?vvDv+vQG
k

fvvv̂Jvvv9_vvvQG}|vvv9fGAvvv+vvv(jyvvvzvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9G@vvvO*vvvOI,CvvvvDvvvQ|vvv#@vvvQvvvv+vvvR$vvv9fvvv̂pvvv(GFvvvO$vvv9
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GAvvv+vvv(jGCQLvvv[(Gyvvv"vvv}vvv(PLGyvvvDvvv9P)h$vvv(GAvvv{G}vvvv=vvvQGyvvv(GQO|vvv#GyvvvAvvvzCvvv+vvvQGJGyvvvgvvv9C+vvv?
GCWGg?yzAJP*QGJp,G}|9v#G}LQi(40).
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(39)GCZOQ!qT&.

(40)GCZOQ!qT&.

377



Ef
q

GSvvAvvMvvOG|vv9JGyvvwvv}vv=vv+vv(@vvQhG !vvAvvQ!vvB@vvROGO<vvTvvQfvv?Lvvavv+vvQI,EfYvvKGyvvAvvgvv=vv+vvQ,
h<vvMvv9Yvv?pvv,BSvv+vv9.yvvtvvOCYvv=vvJvvBGyvvWvv=vvwvv?Gyvvgvv"vvwvv=vv(@vv+?Gyvv(GSvvgvv?(The World Wide Web)

G:!vvAvvWvv9Q(h*vv>)Svv(svv9
k

hJvvAvv=vvQG
k

h|vvwvvAvv=vv?\vvMvv}vv?fvv̂GCTvvAvv(iGyvvgvv9C,HvvAvv}vvgvv?vvvzvv%vv9pvv,
|vvwvv9fhGIvvO(41).hEvvDvv{@vvtvv9!vv9JGCgvvzvv(|vv9JhG:@vvZvv9:Jpvv,GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?
Gyvvwvv=vv+vvQIGyvv"vv}vv(GyvvZvv"vv9fvv,G}SvvQY|vvqvvAvvQ\vv?hBLvvPI<vvzGvv+vv?G:svvAvvZvv9OGyvvwvv\,pvv9yvv%vv9@vvr
Gyvvv;Svvvzvvvwvvv,(Wireless Phone)*vvv"vvvAvvvWvvvQfvvv=vvvQGAvvvOhOG@vvvjvvvQGpvvv+vvv?hGyvvvtvvvavvv9fvvv+vvv?hG:FvvvAvvv}vvv9fvvv+vvv?
yvvvzvvv}vvvGvvvAvvv}vvvgvvv9J.Ef

q
GyvvvOhdhGyvvvWvvvQvvvv9JhG}pvvvQGOhGCOfGyvvvAvvv,@vvvAvvv(GpvvvQ6vvv9Gyvvv=vvv"vvv)GyvvvAvvvJvvvAvvv+vvv?

hGC%vv9QGJhGC|SvvTvv9JGCtvvAvv"vv+vv?hGCTvvAvvMvvO|vv?yvvAvvtvv9!vv+9JGCgvvzvv(|vv9JhG:@vvZvv9:J,@vvAvvavvzvvh
E]R*9OIs(I$PgGyAt"+?hIOhKGC"9pT?GyT9It?<+#|"AG+%9.

hyw#GyT|Gd$"9*aQM!qT&h*t(d:

$vv{@vvgvvQV$vvPgGyvvAvvtvv9!vv9JG@vvO*vvOIC*vv?hSvv9Fvv{yvvAvvJvvTvv_;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTvvAvvOG|vv?hAvv+vv9Ih|vvgvv+vvWvv?Yvvjvv9QGCRGQfvv_pvv,GyvvOhdGyvv"vv9|vv+vv??hvvv+vvr*vv}vvwvv#$vvPg
GyAt9!9Jh<M9Y?V=w?zh*>yGyg9C+?Cf@Z{y%|:AGCRGQf_GyZj9Q?

pvv,Gyvv(Gsvvh$vv"vv9cCvv;K_vvQb*vvtvvAvvQIvv%vv9G:LvvAvvZvv9Yvv+vv(fyvvAvv(Yvv+vv{$vvPgGyvvAvvtvv9!vv9J
yTw9fGyQ*rh@a(*QI+97~!(\J%9p,|9*\:

1vvvvv|T9G?@t9!9JGCgz(|9JhG:@Z9:Jp,:">GyqtQp,GyQ*r
@vvAvv}vvDvv{GyvvQG<vvavv?G}h]<vv+#@vvtvv9!vv9JGCgvvzvv(|vv9JhG:@vvZvv9:JhGyvvQ*vvr<vvqvvtvvQGyvv"vv}vv(

G:svvAvvZvv9Oj!vvqvvTvv&.h*vv}vvwvv#$vvPgGyvvAvvtvv9!vv9JhG!vvAvvWvv9Q$vv9Gyvv(GSvvhpvv,GyvvOhdPGJ|vvgvvO:J
Gyvv"vv}vv(GCQ@vvqvvgvv?GCtvvQh!vv?<vv9yvvqvvtvvQGyvvwvv=vv+vvQ,Cf@vvgvv}vv{h;vvEfvv̂R*vv9OIG !vvAvv9Fvv+vv?pvv,GCRQfvv?
h<9yA9[G !A9LGyA,@gA=Q|#Chy(*9JGyOhdGy"9|+?.

*vvAvvTvv~GyvvqvvtvvQGA<vv9yvvQ*vvr<vv9}|vv+vv?hG!vvMvvqvv9VGyvvAvvgvvz+~h<vv9yvvAvv9[*vvqvvAvvtvvQhfE]GyvvtvvOQIfvv̂
Gyv(Yv(dE]G}Svgv9QGAvtv+vtv+v?hGyvAvtv9!v9JhGCgvzv(|v9JG}LvQiGC"v9Sv=v?GCAvZvzv?<vtvQGQG7v~
h!vvWvv9_vv97vv~GCRQfvv+vv?,h<vvAvvOLvv;7vv~pvv,G}Svv(GbGyvvRQGfvv+vv?h<vv9yvvAvv9[<vvQ<vvJvv+vv?|vvRGQfvv%vv~.
h@vvvTvvv=vvv>vvvv{|vvv#G}|vvv+vvv?h!vvvtvvv[GyvvvAvvvgvvvz+~fvvv9OI,fvvvRyvvv?pvvv,Gyvvv"vvvWvvv9_vvv9JG:FvvvAvvv}vvv9fvvv+vvv?
hGyvvDvvtvv9pvv+vv?,vvv}vv9Ef

q
GyvvqvvtvvQGAGyvvP*vv#*vvgvv+vvWvv(fivv9yvv=vv9

k
pvv,|vv"vv9_vvu!vv9Fvv+vv?$vv~G}vvvDvvQ<vvgvvOG

k
fvv#

G:SvvvAvvvqvvv9OI|vvv#GCgvvvzvvv(|vvv9JGyvvvgvvv9|vvv?GCAvvv(GpvvvQIGyvvvAvvv,:LvvvZvvv{Gyvvvqvvvtvvv+vvvQfvvvz+%vvv9fvvv9OI(|vvvDvvv;
k

GCgvvzvv(|vv9JGBvv9Yvv?<vv9yvvZvvJvv?hJvv9_vvQG}|vvQGV,<vvQG|vvHGyvv"vvtvv{Gyvvgvv9|vv?,GAvvtvv(bGyvvgvv9|vv?

(41)Nuimuddin Chowdhury, «Information and Communications Technologies (Brief 06),» in:

Pinstrup-Andersen, ed., Appropriate Technology for Sustainable Food Security.
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GCgvvzvv(|vv9JGyvvAvvTvv(*vvtvv+vv?hG !vvAvv9Fvv+vv?,E:C8vv~:*vvTvvAvvavv+vvgvv(fGyvv(Yvv(d<vv9svvAvvZvv9O$vv~yvvtvv(@vv&
Gyvvvwvvv9|vvv"vvv?E:fvvv=vvvQ@vvvzvvvxGCgvvvzvvv(|vvv9J.hvvvvDvvv+vvvQG

k
|vvv9*vvvTvvvAvvvMvvvOeGyvvvqvvvtvvvQGA,GyvvvP*vvv#@vvvAvvv(GpvvvQyvvvO9vvv~

E|vvvvwvvvv9!vvvv+?GSvvvvAvvvvMvvvvOGe@vvvvtvvvv9!vvvv9JGCgvvvvzvvvv(|vvvv9JhG:@vvvvZvvvv9:J,$vvvvPgGyvvvvAvvvvtvvvv9!vvvv9Jpvvvv,@vvvvavvvv(*vvvvQ
GSvvAvvQG@vv+Gvv+vv9JGyvvAvvTvv(*vvuGCavvzvv(<vv?.h$vvPgIvvtvv+vvtvv?hGsvvgvv?Lvv9Yvv?|vvh|vvTvvAvvMvvO|vv,Gyvv%vv9@vvr
Gyvv;Svvzvvwvv,hG !vvAvvQ!vvB,pvvgvv̂Svv=vv+vv{GCDvv9dEvvwvv#pvvtvvQGA<vv"vvjvv;O*vvXGCTvvAvvMvvO|vv(fGyvv%vv9@vvr
Gyvv;Svvzvvwvv,(Gyvv"vvtvv9d),hGCQvvv=vv?Vvv=vvwvvAvv&|vv#svv=vv{VvvQvvv?ivvQG|vv_pvv(f(Grameen Phone)

Gyv=v"vjv9y+?,GSvAvMvOGe$vPgGyvAvtv"v+v?vvzIvO|vOLv;JG !vAv9L(y+=vtv)GCRGQYfv̂Ev9S|v=v9VvQ
|vvh@vvavv(QGJGyvvTvv(bGCQ@vv=vvavv?<vvavvzvv>GCTvvAvv%vvzvvx)hCvv=vvBfvv}vvz+9

k
Cf
q

yvv%vv9@vvzCvv+vvQG
k

|vv%vv}vv9
k

fvv̂
p9F^E!A9LGyqtQGA.

yvvtvvOCfvvO
q

JFvv9|vvgvv?@vv9|vv+vv{!vv9Oh(Tamil Nadu)Gyvv%vv"vvO*vv?yvvzvvavv>Gyvv=vv+vvavvQj,<vv9yvvAvvgvv9hf
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|vhFv9|vgv?vv(!vQGj(Conrail)G}|vQ*vwv+v?,Vv=vwv?<vQ*vOEyvwvAvQh!v+?Q*vqv+v?<v9Ctv9Q!v?|vh!vdv9e
EQVvvv9OjhGSvvvh,Ivvv+vvvEvvvv9fGyvvvAvvvtvvvOehG\vvvJvvv9

k
fvvv̂GBvvvavvv(WGC"vvvWvvvzI,h@vvv=vvvzvvv(QJGyvvvqvvv9FvvvOI

hhYvv(dGyvv"vvAvv9FvvH<vvTvvQfvv?h<vvAvvwvvzvvqvv?|vv"vvMvvqvv]vv?yvvzvvMvvO|vv9JGyvvRQGfvv+vv?h<vvAvvqvv9fvv{ChSvvh.hpvv,
$vvPGG svvz+~GROGO!vv}vv(@vvQ<vv+?GyvvOhGFvv#<vvTvvQfvv?vvv=vv+vvQIhLvv9Yvv?GCWvv(*vv?|vv"vv%vv9,h@vv(Yvv+vvzvv%vv9
<9yA9[E]GC"9RdhCY=KyzA(Sh<q]{Gy=Q*OG ywAQhPChy(*?|%}?p,GC"at?.

3vvvvvQ<bYj9QGCRGQf_<W=w?@t9!9JGCgz(|9JhG:@Z9:J
@vvgvvAvv=vvQ_vvQ*vvtvv?@vv(Yvv+vv{@vvtvv"vv+vv?GCJvv9Yvv+vv{$vvPgyvvZvvjvv9QGCRGQfvv_pvv,GyvvOhdGyvv"vv9|vv+vv?|vv#

C$vvv~Gyvvv"vvvWvvv9_vvv9JGyvvvqvvvgqvvv9yvvv?pvvv,Gyvvv"vvvtvvv9Vvvv9JGyvvvOGFvvvQI<vvv+#GyvvvWvvvQvvvv9JGyvvvgvvv9C+vvv?GC"vvvAvvvGvvv?yvvv%vvvPg
GyvvAvvtvv9!vv9J.h@vv=vvzvv(QJ!vvAvv9FvvHGFvvAvv}vv9fvv97vv~<vv(Fvv(Ocvv(G$vvQ!vvtvv[CSvv9Svv+vv?pvv,$vvPgGyvvOhd
@vvvAvvv}vvvDvvv{pvvv,:(@vvvgvvvzvvv~GyvvvtvvvQGAIhGyvvvwvvvAvvv9<vvv?,GyvvvQCSvvv}vvv9dG:FvvvAvvv}vvv9fvvv,hGyvvvqvvv+vvvR*vvvtvvv,,Gyvvvavvv9svvv?
G yvwvAvQh!v+?hGyv=v"v+v?GyvAvJvAv+v?Gyvqv+vR*vtv+v?),h<vMv9Yv?pv,|v"v9_vtv%v9GyvQ*vqv+v?Gyvqvtv+vQI.h$vPG$v(
GyvvAvvJvvOjGyvvwvv=vv+vvQ::vv9$vv9J@vvtvv9!vv9JGCgvvzvv(|vv9JhG:@vvZvv9:JGBvv9Yvv?<vvMvvO|vv9JGCRGQfvv_
GyvvvZvvvjvvv9Q.pvvv,|vvv9*vvv\!vvvgvvvQVyvvvzvvvTvvv+vvv9Svvv9JGCtvvvAvvvQIvvv?GCJvvvAvvv}vvvzvvv? *vvvZvvv9d|vvv"vvv9pvvvhChpvvv(GFvvvO
V=w9JGCgz(|9JhG:@Z9:JyZj9QGCRGQf_:

CvvvvvEKvvv9O|vvv"vvv9N|vvv;Fvvv~:SvvvAvvvDvvv}vvv9Q|vvvgvvvO:Jfvvv9y+?|vvv#G}|vvv(Gd|vvvAvvv]vvv}vvv"vvv?|vvvWvvv9Q*vvvh
Lvv9Yvv?<vv9yvv=vv"vv+vv?GyvvAvvJvvAvv+vv?yvv;@vvZvv9:JGyvv%vv9@vvqvv+vv?hGCgvvzvv(|vv9JG}Svv9Svv+vv?GyvvAvv,@vvRhO|vvwvv9@vv>
G:@vvZvv9:JGyvvgvv9|vv?GyvvQ*vvqvv+vv?h|vvQGvvvRG:@vvZvv9:J<vvWvv=vvwvv9JGCgvvzvv(|vv9JhG:@vvZvv9:Jfvv̂
CSUhGSg?.

HvvvvvG:SvvvAvvv}vvvQGQpvvv,G:SvvvAvvvDvvv}vvv9Qpvvv,VvvvQvvvv9JG:@vvvZvvv9:JGyvvv%vvv9@vvvqvvv+vvv?hG@vvvZvvv9:J
G !AQ!BE]IOKgz%9Szg9

k
|t=(y?GsAZ9O*9

k
.

LvvvvvQ<vvvbGCRGQfvvv_<vvv9:@vvvZvvv9:J*vvvgvvvRRGCgvvvQpvvv?G6y+?GCQ@vvv=vvvavvv?<vvv9 QVvvv9OGCRQfvvv,
hIvvv(yvvv?E*vvv9g,<vvvzvvv%vvvGvvv?fvvv9|vvv+vvv?Ivvvz+?,E]Vvvv=vvvwvvv?<vvvQ*vvvOEyvvvwvvvAvvvQh!vvv+?|vvvgvvv}vvv}vvv?@vvvWvvv}vvv{=vvv+vvvh
GCRGQf_f=QGBbGy%9@q,.

Ovvvvv;vvO*vvEG@vv}vvhGC"vvdvv~}Svvgvv9QGyvvTvvzvvhGyvvRQGfvv+vv?<vv9yvvOLvv(dfvv̂|vv(GsvvhG}Svv(Gb
Gy"%9F+?p,V=w?zGy(*>yGAw(|+?hFgz%9<Awzq?|"Mq]?.

$vvvvvvvvv@vvRh*vvOYvvjvv9QGCRGQfvv_<vvzFvv%vvRIGyvvwvv}vv=vv+vv(@vvQh@vvavv=vv+vvtvv9@vv&GC}vvwvv"vv?GyvvAvv,;vvTqvv#
E!A9F+A%~h@gRR|]}(fV=w?Gy(*>GyRQGf+?.

hvvvvvQ<vbGCOGQSGyvQ*vqv+v?<v9 !vAvQ!vBh@vgvz+~G}_vqv9d@vtv9!v9JGyvwv}v=v+v(@vQhE!vWv9A
JvAv=vQGJyvzvwv}v=v+v(@vQpv,GCOGQS<v}vTv9fvOI$v+v8v9JGyvAvgvz+~G@v}v9fv+v?GyvAv,@vgvzv~G}_vqv9d
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L;dS9f9J!d9|+?v}9@gz~B<9A$~<gOG!A%9AGyOhGe(42).

CLvvvv+vvvvQG*vvvv}vvvvwvvvv#Gyvvvvtvvvv(dpvvvv,$vvvvPGGCGvvvv9dEf
q

GyvvvvqvvvvtvvvvQGA|vvvv#OhfGSvvvvAvvvvMvvvvOGeVvvvv=vvvvwvvvv9J
GCgvzv(|v9JhG:@vZv9:J,Sv+vGvOhfYvgv(<v?vv=v+vQIpv,fv}vz+?GyvAvwv9|v{yvzv"v}v(G:svAvZv9Oj
Gyvgv9C,(Gyvgv(C?)hCSv(Gsv&GyvOhy+?,h<v9yvAv9[Gyv"vGv9I|v#OGFvQIGyvqvTv9OhGyvqvtvQG}vvDvQsv%vQG

k

yvv%vv~.Ef
q

LvvTvv9QI$vv|:AGyvvqvvtvvQGA,:Svv}vvKGyvvzvv&,Svv(a@vvAvvQFvv~LvvTvv9QI
k

GsvvAvvZvv9O*vv?fvv9C+vv?
!vdvQG

k
E]Cf

q
fv}vz+?G!vAvWv9Q$vPgGyvAvtv9!v9JhG:SvAvDv}v9Qpv+v%v9*vgvAv=vQPGChyv(*v?vv=v+vQIyvwv{|v#

GyWQv9JGC"AG?hyzOhdGy"9|+?.

C9|"9
k

:@t9!9J!d~GCgz(|9JG@jQGp+?
hGC(GshGyg9C+?hG:SAWg9Qf#<gO

@vTv9fvOHv}v(fv?CLvQi|v#COhGJ@vtv9!v9JGCgvzv(|v9JhG:@vZv9:Jpv,EOGQIh@vQ=v?
Gyvv=vv+vv9!vv9JIvv(d|vv(GQOGC"vv9_vvu,vvv9yvvZvv(QhGBvvQGFvvbGyvvQsvv}vv+vv?yvvzvvtvvQihGyvvTvvOhOChyvvwvv9|vv{
Gyvv=vvzvvO.h*vvgvvRRGyvv=vv9IvvDvv(fhGCMvvavvavv(fhGLvvAvvZvv9Yvv+vv(GyvvAvvtvv9!vv9JG}LvvQiG:SvvAvvMvvOGeG}vvv=vvQ
yvvvv%vvvvPgGCgvvvvzvvvv(|vvvv9J.h@vvvvWvvvv}vvvv{$vvvvPgG}OhGJ!vvvvdvvvv~<vvvvR*vvvv#hEOGQIh;vvvvz+{<vvvv+9!vvvv9JGCQGFvvvvh
G@vvvjvvvQGpvvv+vvv?(Geographical Information Systems (GIS))(!vvvdvvv~GCgvvvzvvv(|vvv9JG@vvvjvvvQGpvvv+vvv?);
hG}Fvvv%vvvRIhGyvvv(Svvv9Fvvv{GyvvvAvvv,@vvvtvvv+vvvUGC(GsvvvhG@vvvjvvvQGpvvv+vvv?(!vvvdvvv~GC(GsvvvhG@vvvjvvvQGpvvv+vvv?)(Global

Positioning Systems (GPS));h!vdv~<v+9!v9JGyv"vtv{G@v(jGyvAv,:v%vRGSvAvMvOGeG}QG\v,
yvzv}v(GSv~GyvRQGfv+v?,h@v(\vKh\vhGyvjvav9AGyv"v=v9Oyv~QVh|vgvzv(|v9JCLvQi|v(\v(fv+v?
(GyZ(QGy%(GF+?hGyAJw~<9}s}9QG:Ya"9f+?,CjG:SAWg9Qf#<gO)(43).

h@vRhqO@vtv9!v9J!vdv~GCgvzv(|v9JG@vjvQGpv+v?|vTvAvMvO|v+v%v9<v9}OhGJGyv=vZvQ*v?GCAvwv9|vzv?
Gyv;R|v?yvAvJvz+{Gyv=v+v9!v9JGyvqv]v9Fv+v?hGyvav9sv?GCqvQOIyvO|vHGCgvzv(|v9JGyv(GQOI|v#GCZv9OQ
GCMvvvAvvvzvvvqvvv?,hEvvvw

q
vvv#|vvvTvvvAvvvMvvvO|vvv+vvv%vvv9,<vvv9SvvvAvvvMvvvOGe!vvvdvvv9epvvv]vvv9Fvvv,Vvvv9FvvvhChfvvv9e,|vvv#;vvvz+{

Gyvwv+vqv+v?GyvAv,@vAvqv9fv{Ch@vAvwv9|v{6v9Gyvgv(G|v{G:svAvZv9O*v?hG:FvAv}v9fv+v?hGyvqv+vR*v9Fv+v?.vvPyvx
SvAvgv}v{@vtv9!v9JG:SvAvWvgv9Qfv#<vgvO,h@vtv9!v9J!vdv~GC(GsvhG@vjvQGpv+v?(GPS)fv̂Lvqv̂
GCWvvv9vvvv{GBvvv9Yvvv?<vvv9AvvvZvvv(dfvvv̂GCgvvvzvvv(|vvv9JG@vvvjvvvQGpvvv+vvv?,pvvv}vvvDvvv;

k
@vvvTvvvAvvvMvvvOeIvvv9y+9

k
|vvvgvvvdvvv~

fvv}vvz+9JIvvZvvQGAvvtvv(dGyvvRQGfvv+vv?h|vvTvv9Ivv97vv9hC!vv(GYGCJvv9Yvv+vv{GCRQhfvv?pvv+vv%vv9<vv(GSvvavv?
!vvdvv~GC(GsvvhG@vvjvvQGpvv+vv?,hPyvvx<vvzLvvPfvv+"9J|vv"vv%vv9,vvv=vvtvvh@vv(\vvhG}SvvQ,Fvvwvv"vv?<vvPyvvx
f}z+9JGyAZ(*QGyT%z?|#GyAw9|{|hGy=+9!9JG@jQGp+?G}LQi.

(42)GCZOQ!qT&.

(43)Uwe Deichmann and Stanley Wood, «GIS, GPS, and Remote Sensing (Brief 07),» in: Ibid.
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$vv"vv9cC*vv]vv9
k

Fvv+vvRGJvvvDvv+vvQIyvv;SvvAvvWvvgvv9Qfvv#<vvgvvOhyvvzvvAvvZvv(*vvQG@vv(j,pvv}vvDvv;
k
@vv"vvAvvH

@vvtvv9!vv9Jfvv}vvz+9JGyvvAvvZvv(*vvQG@vv(*vv?GBvvQGFvvbGyvvQsvv}vv+vv?|vv#GyvvZvv(QGyvv%vv(GFvv+vv?Ch|vv#<vv+9!vv9J
G}svvv}vvv9QGyvvvZvvv"vvv9fvvv+vvv?GyvvvAvvv,@vvvAvvvwvvv9|vvv{|vvvhGBvvvQGFvvvbGyvvvavvv(<vvv(ivvvQGpvvv+vvv?GyvvvOsvvv+vvvtvvv?h|vvvhGCgvvvzvvv(|vvv9J
G@vvjvvQGpvv+vv?GC"vvTvv(Fvv?(44).h<vv9yvvQivv~|vv#@vvzvvxGC}vv+vvRGJhG!vvMvvqvv9VCSvvgvv9Q<vvgvv̂<vv+9!vv9J
G}svv}vv9QGyvvZvv"vv9fvv+vv?,pvv}vv9RGdGSvvAvvMvvOGe$vvPgGyvvAvvtvv9!vv9JIvvZvv(QG

k
<vv9CAvvMvvZvvZvv_IvvAvv)G6f.

hp,|9*\C|Dz?f^GyAa=+t9JGy"9FJ?yzAt9!9JGyq]9F+?GB9Y?<9yqtQGA:

yvtvO@v~qE!vGv9RGyvgvO*vO|v#GyvAvav=v+vtv9JGyvqv]v9Fv+v?Gyv"v9FvJv?GCAvgvzvtv?<vqvtvQGAGyvQ*vr,Cj
fvvv̂GCTvvvAvvv(*vvv9JG@vvv}vvv9fvvv+vvv?,|vvvDvvv{GBvvvavvvbGyvvvRQGfvvv+vvv?hGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?.,pvvv9Cgvvvzvvv(|vvv9J
GCqvvZvvzvv?Ivv(dGyvv=vv+vv8vv9JGyvvRQGfvv+vv?hG}h\vv9YG:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?,svv9OQIfvv̂;vvtvv+vvu
Cpvv]vv{GSvvAvvMvvOGeyvvzvvAvvtvv9!vv9JGyvvRQGfvv+vv?.vvv}vv9@vvTvv9fvvOGCgvvzvv(|vv9JG@vvjvvQGpvv+vv?C*vv]vv9

k
pvv,<vvavv+vvb

Gyvv=vv"vv+vv?GyvvQ*vvqvv+vv?vvvzhyvv(*vv?yvv;SvvAvvDvv}vv9QGJGyvv(_vv"vv+vv?pvv,vvv{|vv#GyvvavvQbGyvvQ*vvqvv+vv?hGyvvwvv%vvQ<vv9A
hGyvZvJv?hGyvAvgvz+~.h@vTvAvav+vhfv}vz+?;v]v+vQLvQGFvbGyvqvtvQChGyvQpv9$v+v?Cf;vTv#h;vtvu,
h<vWvwv{vv=v+vQ,C$vOGaGCGvAv}vgv9JG}vvDvQpvtvQG

k
,vv}v9E8v9@vtvzv{pvQUGyv]v+v9Yyvzv}vTvAvtv=v{

GC"vvWvv(O,fvv̂|vvTvvAvv(iGCGvvAvv}vvgvv9JGyvvZvvjvv+vvQI,hvvvPyvvx@vvtvvzvv{|vv#pvvQU@vvTvvQHGC(GQO
yvvvjvvv+vvvQGyvvvqvvvtvvvQGA,E\vvv9pvvv?E]!vvvGvvv9M@vvvavvv=vvv+vvvtvvv9J$vvvPgGyvvvAvvvtvvv9!vvv9Jpvvv,h\vvvhGBvvvavvvbGyvvvavvv9QFvvv?
hG:SAG9<?yz}"9_uGyQ*q+?.

vvvPyvvx*vv}vvwvv#$vvPgGyvvAvvtvv9!vv9JCf@vvtvvOe|vvTvvAvvtvv=vv;
k
GSvvAvvMvvOG|vv9JCQLvv[hCSvv%vv{,

Evvvw
q
vvv#=vvv9fvvv9JGCRGQfvvv_|vvv#EKvvv9OGCgvvvzvvv(|vvv9JGBvvv9Yvvv?<vvv9}pvvvQGOh@vvvtvvv9Svvv~GC(GQOpvvv,|vvv9
<vvv+"vvv%vvv~|vvv#OhfhSvvvavvv9ALvvv9QFvvv+vvv_.h|vvvh@vvv(GpvvvQ|vvvgvvvzvvv(|vvv9JCpvvv]vvv{Ivvv(dEOGQICh\vvv9Y
G}QG\vv,hGBvv+vv9QGJGCMvvAvvzvvqvv?hpvvgvv9y+9JGyvvAvvtvv9!vv9JGyvvRQGfvv+vv?hEOGQIGC(GQO,Q<qvv}vv9*vv|Oj
PyvvxE]:vv"vv>GCGvvAvv}vvgvv9Jyvvzvv"vvRGfvv9JGCQ@vv=vvavv?6vvPgGC(GQOvvv9yvvAvv,@vv"vvWvvz|vv#G IvvZvv9AGJ
Iv(dIvtv(bGSvAvMvOGeG}QV.fv̂vv{Iv9dEfGyvAvwv9y+rGyvqvgqv9yv?yvAv(Q*vO@vtv9!v9J!vdv~
GCgvvzvv(|vv9JG@vvjvvQGpvv+vv?pvv,GCGvvAvv}vvgvv9JGyvvqvvtvv+vvQI,hGyvvAvv=vvgvv9JG:FvvAvv}vv9fvv+vv?GyvvTvvzvv=vv+vv?GyvvAvv,svvO
@vv"vvAvvHfvv"vv%vv9,Svv(a*vvTvvAvv}vvQpvvJvvZvv%vv9h@vvOsvv+vvtvv%vv9|vv#svv=vv{Gyvv=vv9IvvDvv_h|vvAvvMvvPjGyvvtvvQGQGJ
GyT+9S+?GB9Y?<Pyx.

@9Sg9

k
:GyAt9!9JG@O*OIhGSAOG|?GyjPGAp,Gy(_#GygQN

$vPGGyv(\vhGCzSv9hjCTvAvtv=v{GyvjvPGAhG}|v#GyvjvPGFv,pv,Gyv(_v#GyvgvQN:*v}v9Cvzv&
h\vvhBLvvQpvv,G}svv9y+~GyvvOhy+?G}LvvQiSvv(ih\vvhEsvvz+~CpvvQ*vvtvv+vv9GyvvZvvJvvQGhj,GyvvPj

(44)GCZOQ!qT&.
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*vvQ\vvN|vvgvvdvv~Svvwvv9fOhyvv&}fvvQGVh<vv9Apvv+vvQhS(HIV)h|vvQVG *vvOR,Ivv+vvE;vv9hd
|vvgvvdvv~OhdGyvvgvv9DGyvv"vv9|vv,;vvtvv+vvuC|vv"vv%vv9GyvvjvvPGFvv,<vv9yvv(Svv9Fvv{hGyvvavvQbGCMvvAvvzvvqvv?.h|vv#C$vv~
$vPgGyv(Sv9Fv{GSvAvMvOGe@vtv9!v9JGyv%v"vOSv?Gyv(QGCv+v?hGyvAvwv"v(yv(Fv+v9GAv+v(*v?GyvAv,;vOCv"v9fv#
CG+A%9hBC9Q$9G:sAZ9O*?hG:FA}9f+?p,GyqtQGJGyT9<t?.

h!vvAvv+vvGvv?yvvAvvRG*vvOCGvv+vv?Gyvv%vv"vvOSvv?Gyvv(QGCvv+vv?hGyvvAvvtvv9!vv9JGAvv+vv(*vv?GCQGpvvtvv?yvv%vv9hOhQGvv9
GCAvv(svvhpvv,|vvgvv9@vv?G}R|vv?GyvvjvvPGFvv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?h<vvavv=vv+vvgvv?GAvv9dpvv,Gyvv(_vv#GyvvgvvQN,
Ivv+vvE*vv}vvwvv#$vvPgGyvvAvvtvv9!vv9JG@vvO*vvOICf@vvTvv9$vv~<vvWvvwvv{pvvgqvv9dhSvvz+~pvv,|vvgvv9@vv?|vvWvvwvvzvv?
G}|vvvv#GyvvvvjvvvvPGFvvvv,GCTvvvvAvvvvtvvvv=vvvv\pvvvv,Gyvvvv(_vvvv#GyvvvvgvvvvQN,vvvvv}vvvv9$vvvv(GAvvvv9d<vvvv9yvvvv"vvvvTvvvv=vvvv?E]GyvvvvZvvvv_
hG}QFvv"vvAvv_hGyvv%vv"vvOh<vvgvv̂GyvvOhdGyvv"vv9|vv+vv?G}LvvQi,VvvQ*vvavv?G<vv9PGyvvtvvQGQGJGyvvTvv+vv9Svv+vv?
hGfvvAvv}vv9OG:SvvAvvDvv}vv9QGJGyvv;R|vv? FvvQGAGyvv=vvJvv(KGBvv9Yvv?6vvPgGyvvAvvtvv9!vv9J.pvv,\vv(A$vvPG
GyvvOhQyvv%vvPgGyvvAvvtvv9!vv9JG@vvO*vvOI,<vvOCJG@vv%vv9JGyvvQSvv}vv+vv?hGyvvgvvzvv}vv+vv?GyvvgvvQ<vv+?G:$vvAvv}vv9e6vvPG
GC(\vv(Y.h|vv9Gyvv"vvOhIGyvvgvvzvv}vv+vv?GyvvAvv,fvvtvvOJfvv9e2003Ivv(dGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?,E:
Oy+{f}\f^Pyx.

hfvv"vvOGyvvgvv(OIE]@vvZvv"vv+vvrGyvvOhd<vvJvvTvv>svvOQG7vv9Gyvvwvv9|vv"vv?yvvzvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?,
pvv{!vv&*vv}vvwvv#Gyvvtvv(dEfGyvv(_vv#GyvvgvvQNyvv&svvOQIvvv9|vv"vv?vvv=vv+vvQIyvvzvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?h$vv(
|vvTvvAvv(QOvvv=vv+vvQpvv,Gyvv(svvB!vvqvvTvv&yvvtvvTvv~vvv=vv+vvQ|vv#GIvvAvv+vv9Fvv9@vv&GyvvjvvPGFvv+vv?h<vvMvv9Yvv?GAvv=vv(H
hGyvvTvvwvvQ,Cj@vv"vvavv=vvufvvz+&Gyvvqvv8vv?GyvvDvv9yvvDvv?yvvAvvZvv"vv+vvrGyvvOhd@vvwvv"vv(yvv(Fvv+vv9

k
pvv}vvTvv9IvvAvv&G@vvjvvQGpvv+vv?

Gyvvvvwvvvv=vvvv+vvvvQI(10,5pvvvv,GC8vvvv?|vvvv#|vvvvTvvvv9Ivvvv?GyvvvvwvvvvQIG}Q\vvvv+vvvv?)hGAvvvv9h*vvvv?|vvvv;*vvvv_G}Yvvvv"vvvv9a
hGyvvvvTvvvv;:JGyvvvv"vvvv=vvvv9@vvvv+?hGAvvvv+vvvv(G!vvvv+?PGJG@vvvv+"9JGC}vvvvAvvvv9RIhGCQpvvvvtvvvv?<vvvv9yvvvvavvvv9svvvv?Gyvvvvgvvvvzvvvv}vvvv+vvvv?
GCAvvvMvvvZvvvZvvv?,hG:SvvvAvvvDvvv}vvv9QGJGC9y+?Gyvvvwvvv=vvv+vvvQIGCAvvv(GpvvvQIyvvvzvvvgvvvO*vvvO|vvv#Ohyvvv&,@vvv|$vvvzvvv&|vvv#
G:SvvvvAvvvvqvvvv9OIGCDvvvv̂|vvvv#G@vvvv+"9JGyvvvv(QGCvvvv+vvvv?G Kvvvv9<vvvv+?yvvvv%vvvvPgG}Yvvvv(dhGyvvvvTvvvv;:JGyvvvv"vvvv=vvvv9@vvvv+?
hGAvv+vv(G!vv+?GCAvv(GpvvQIpvv+vv&.hpvv,$vvPGGBvvZvv(U*vvwvvqvv+"9Gyvvtvv(dEfESvvQGFvv+vv{GCJvvAvvzvv?CQV
pvvvzvvvTvvvavvv_GAvvv=vvv+vvv=vvv?svvvO_vvv(qQJSvvv;yvvv?Gyvvv=vvvtvvvQGyvvvWvvv9|vvv,,GyvvvAvvv,SvvvQsvvvAvvv%vvv9|vvv#GyvvvOhdGyvvvgvvvQ<vvv+?
GCGvv9hQI,<vvJvv+vvE@vvgvvavv,Gyvv(GIvvOI|vv"vv%vv9Svv"vv(*vv9

k
|vv9<vv+#8vvvvv10C_vv"vv9f,pvv,Ivv_Cf$vvPg

Gy=tQI:@ga,p,GyOhdGygQ<+?S(i1,5vvvvv2_#S"(*9
k(45).

h*v}vwv#GyvOhdGyvgvQ<v+?G:SvAvqv9OI|v#Lv=vQGJGCQvvRGyvOh[yvzv=vJv(KGyvRQGfv+v?pv,
GC"vv9_vvuG@vv9pvv?(G *vvwvv9QOG)GC(Fvv(Opvv,Ivv9pvvdvv?Ivvzvv>vvvvvVvv}vv9dSvv(Q*vv9,hGyvv=vvJvv(KGyvvAvv,
:vvvQjpvvv+vvv&h:Svvv+vvv}vvv9|vvv9*vvvAvvvgvvvzvvvu|vvv"vvv%vvv9<vvv(IvvvOIG}Yvvv(dGyvvv(QGCvvv+vvv?GyvvvAvvv,IvvvOOJC$vvvOGpvvv%vvv9

(45)Ivv}vv(OG}VvvQe,z|vvgvvzvv(|vv9JhEIvvZvv9AGJRQGfvv+vv?=vvgvvB|vv#GCRGQYG}C9!vv+?fvv9e1989,y(Fvv9|vvgvv?

Iz>,vz+?GyRQGf?,Iz>,1989).
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G:svvAvvZvv9O*vv?<vv}vvTvvKh=vvhhIvvqvveG}Yvv(dGyvv(QGCvv+vv?@vv}vv+vvhGCJvv9Yvv+vv{PGJG}Gvv+vv?fvv̂
GCTvvAvv(*vv9JG svvz+}vv+vv?hGyvvgvv9C+vv?,yvv;SvvAvvqvv9OI|vv#@vv"vv(fvv%vv9GAvv+vv(jpvv,<vvQG|vvHGyvvAvvQ<vv+?fvv̂
GCTvvAvv(*vv9JGyvvtvvavvQ*vv?.h<vv9yvvAvv9[pvv}vv#Gyvv=vvOG$vv?<vv}vvwvv9fCf@vvTvvAvvqvv+vvOGyvvOhdGyvvgvvQ<vv+?|vv#Lvv=vvQGJ
$vPGGCQvvRhGBv=vQGJGyvgv9C+v?G}LvQi,pv,@v(pv+vQvv9OQfvzv}v,*vTvAvav+vhGyvAvgv9|v{FvO*v9

k
|vh

GyAt9!9JG@O*OI.

pvvv,$vvvPGGCGvvv9d,hLvvvAvvv9|vvv9
k
yvvv%vvvPgGyvvvqvvvtvvvQI,!vvvtvvvAvvvQME!vvvWvvv9Ah@vvvwvvv(*vvv#|vvv"vvvdvvv}vvv?fvvvQ<vvv+?

yvvzvvAvvtvv9!vv9JGAvv+vv(*vv?@vvAvvgvv9|vv{|vvhvvv{|vv9Lvv+vvb6vvPgGyvvAvvtvv9!vv9J|vv#fvv}vvz+9J<vvJvvEhE!vvAvv9L
h@vvvWvvvQ*vvvgvvv9Jh|vvvQGsvvv=vvv?hIvvvqvvveyvvv~Yvvv(dGyvvv(QGCvvv+vvv?,h@vvvwvvv(*vvv#Gyvvv=vvv"vvv(cGyvvv(QGCvvv+vvv?yvvv%vvv9h<vvv"vvv9A
Gyvvwvv(GOQGyvvgvvzvv}vv+vv?GBvv9Yvv?6vv9,6vvOa;vvtvv+vvuG:SvvAvvqvv9OIGyvvwvv9|vvzvv?|vv#GyvvTvv}vv9JG Kvv9<vv+?
@vvvv+"9J$vvvvPgG}Yvvvv(dhG:SvvvvAvvvvqvvvv9OI|vvvv"vvvv%vvvv9pvvvv,|vvvvgvvvv9@vvvv?CR|vvvv?GyvvvvjvvvvPGAGyvvvvgvvvvQ<vvvv+?h<vvvvMvvvv9Yvvvv?
GCA(sg?,Chp,H9:J@ZO*Q$9E]GyOhdhGy%+89JGyQGi=?<9SA+QGO$9|TAt=;

k
.
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6vw)CNTvvoG9@RQTvvZG9eQG4TvvZG9QE@bG:vvZ
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|OLvvvvv{

@vvvAvvvavvvzvvv><vvvJvvv(K;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?hGSvvvAvvvOG|vvv?GyvvvjvvvPGAChG}|vvv#
GyvvjvvPGFvv,|vv(GFvv%vv?@vv(CeE!vvAvv9LGyvvjvvPGAhR*vv9OI$vvPGG !vvAvv9L,hLvv9Yvv?CfSvvwvv9fGCGvvAvv}vvh
GyvvvOh[Svvv+vvvR*vvvOhfLvvv;dGyvvvgvvvtvvv(OGyvvvDvvv;Cvvv?GCtvvv=vvvzvvv?<vvvvv2,6<vvvz+(fpvvvQO|vvv"vvv%vvv~97pvvv,GC8vvv?
Sv+v(FvOhfpv,GyvOhdGyv"v9|v+v?(1).pv,Gyv(_v#GyvgvQNSv+vROGOGyvTvwv9fpv,GyvqvAvQI!vqvTv%v9|v#

252|vvz+(fpvvQOfvv9e1995E]650|vvz+(fpvvQOfvv9e2030vvv}vv9|vvQq|vvgvv"vv9pvv,GyvvqvvZvv{
GBvv9|vvU(2).h<vv+"vv}vv9@vvWvv+vvQGyvvAvv(svvgvv9JGyvvgvv9C+vv?E]G!vvMvvqvv9VCfvvOGOGyvvqvvtvvQGA<vvgvvOfvvtvvO*vv#|vv#
GyvR|v9fE]Gyv"vZvr@vtvQ*v=v9

k
,E:CfG}Qsv9eGCavzvtv?fv̂|vTvAv(iG}sv9y+~Gyvgv9C+v?yv#@vAvjv+vQ

E:<vvWvvwvv{IvvOhO,<vv{Svv+vvROGOGyvvqvvtvvQh!vvtvv[GyvvAvvjvvP*vv?pvv,Csvv9y+~Fvv"vv(HBSvv+vv9hGyvvZvvJvvQGA
G}pQ*t+?hp,GyWQbG}hSbhV}9dCpQ*t+9.

Ef;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?hGSvvvAvvvOG|vvv?@vvvz|vvv_GyvvvjvvvPGAyvvv%vvvPgG6:a|vvv#
GC;*vv_GyvvTvvwvv9!vv+?fvv̂GCTvvAvv(*vv9JGyvvgvv9C+vv?hG svvz+}vv+vv?hGyvvgvvQ<vv+?yvv#*vvAvv~E:<vvR*vv9OIG !vvAvv9L
|vv#Lvv;dR*vv9OIGyvvjvv;dpvv,hIvvOIGCTvv9Ivv?.h$vvPGyvv#*vvAvv~C*vv]vv9

k
E:|vv#Lvv;d@vvavv(*vvQ

Gyvv=vvJvv(KGyvvRQGfvv+vv?GyvvAvv,svvavvgvvB6vv9GyvvOhdGCAvvavv(QIVvv(_vv9
k

vvv=vv+vvQG
k

hIvvtvvtvvB<vv"vvAvv9FvvGvv%vv9y+U
pvvvtvvvbC|vvv"vvv%vvv9GyvvvjvvvPGFvvv,<vvv{C|vvv#GyvvvwvvvDvvv+vvvQ|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?G}LvvvQi,pvvv,Ivvv_D@vvvTvvvAvvvavvvh
GyvvOhdGyvv"vv9|vv+vv?h:GyvvOhdGyvvgvvQ<vv+?Cf@vvTvv9*vvQGyvvOhdGCAvvavv(QIpvv,IvvGvv~<vvJvv(Cvv%vv9GyvvRQGfvv+vv?
hGyq(GFOGy"9:?f"%9.

pv,$vPGGyvqvZv{!vJv9hdEyvtv9AGyv]v(Afv̂OhQGyv=vJv(KGyvRQGfv+v?pv,;vtv+vuGyvAv"v}v+v?
GyvvRQGfvv+vv?GCTvvAvvOG|vv?h<vv9yvvAvv9[GSvvAvvOG|vv?G}|vv#GyvvjvvPGFvv,h<vv+9fvvv+vvrEvvwvv"vvBGyvvOhdGCAvvavv(QI
|vvv#;vvvtvvv+vvvuPyvvvxh|vvv9Kvvv>fvvv̂GyvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvvgvvvQ<vvv+?pvvvgvvvzvvv&yvvv]vvv}vvv9fC|vvv"vvv%vvv9GyvvvjvvvPGFvvv,

(1)J. R. Anderson, Philip G. Pardey and J. Roseboom, «Sustaining Growth in Agriculture: A

Quantitative Review of Agricultural Research Investments,» Agricultural Economics, vol. 10, no. 2

(April 1994).

(2)Fvvv9|vvvgvvv?GyvvvOhdGyvvvgvvvQ<vvv+?,G}|vvv9!vvv?Gyvvvgvvv9|vvv?[hBLvvvQhf],GyvvvAvvvtvvvQ*vvvQG:svvvAvvvZvvv9OjGyvvvgvvvQNGC(IvvvO,1996
(Gyt9$QI:G}|9!?Gyg9|?,1996).
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hGSvAvOG|vAv&|vTvAvtv=v;
k
<v9 \v9pv?|vgvQpv?@vwv9y+rhfv9FvOGJ$vPgGyv=vJv(K|v#Lv;dfvQV

Gy"t9WG6@+?:

Ch:
k

:Gy=J(KGyRQGf+?Gyg9C+?
@vvv|OjGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?GyvvvOhQG}Svvv9Svvv,pvvv,@vvvavvv(*vvvQG !vvvAvvv9LGyvvvRQGfvvv,Lvvv9Yvvv?

GyvvvjvvvPGFvvv,|vvv"vvv&h@vvvz|vvv_GyvvvjvvvPGAyvvv%vvvPgG}fvvvOGOGCAvvvRG*vvvOI|vvv#GyvvvTvvvwvvv9f,h!vvvdvvvQG
k

}Gvvv+vvv?$vvvPG
Gyvvgvv9|vv{pvv,;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?hGSvvAvvOG|vv?@vv(pvv+vvQGyvvjvvPGAyvv~Fvv+vv9dGAvv9\vvQI
hGCTvAvtv=vz+?pvtvOGQ@vz*v"v9<vZv+v[$vPGGyvqvZv{yvzvJvO*vEfv#vv{

q
|v9*vAvgvzvu6vPGG:Yvav;M

f^GCTA(*_Gyg9C,hGygQN.

1vvvvvSG{Gy=J(KGyRQGf+?Gyg9C,
yvtvOSv9GvBGyvgvzv(ehGyvAvtv"v+v9J,fv=vQG:SvAvDv}v9Qpv,Gyv=vJv(KGyvRQGfv+v?,vvDv+vQG

k
pv,

!vv}vv(Gyvvtvvavv9fvv9JGyvvRQGfvv+vv?yvvzvvOhdGCAvvavv(QIhGyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?.pvv}vv"vvPGyvvTvvAvv+"+qvv9J
hIvvAqvv)GyvvgvvtvvOG}Lvv+vvQ|vv#GyvvtvvQfGC9\vv,RGOG !vvAvv9LGyvvjvvPGFvv,Gyvvgvv9C,<vvvv80pvv,GC8vv?@vvQvvvR
CvvDvQ|v#!vZvqv%v9pv,GyvOhdGyv"v9|v+v?(3),Iv+vECSv%v~$vPGGyv"v}v(pv,@vgvR*vRG}|v#GyvjvPGFv,
hLvvq

q
vv̂|vv#Ivv9yvv?GyvvqvvtvvQhSvv(AGyvvAvvjvvP*vv?pvv,GyvvOhdGyvv"vv9|vv+vv?.h*vv"vvdvvQGyvv=vv9IvvDvv(fGyvvRQGfvv+vv(f
hGyvvvgvvvzvvv}vvv9AE]GyvvvRQGfvvv?h<vvvJvvv(Cvvv%vvv9G6f!vvvdvvvQI@vvvjvvv9*vvvQ!vvvdvvvQ7vvv~GyvvvTvvv9<vvvtvvv?Gyvvvtvvv9Fvvvzvvv?<vvvzfGyvvvqvvvtvvvQ
hGyvqvtvQGA:fv;sv?yv%v~<v9yv=vJv(KhHv9:JGyvAv"v}v+v?pv,Iv_@v(Fv&GyvRQGfv?h<vJv(Cv%v9G6f
A{|W9v{GyqtQhGyqtQGAp,Gyg9D.

Lvv;dGyvvqvvAvvQI1960vvvvv1994RGOJivv;dGCJvv9Yvv+vv{GyvvjvvPGFvv+vv?G}Svv9Svv+vv?(svv}vvK
CQR,PQI)R*vv9OIvvv=vv+vvQIpvv,=vv+vvhC!vvJvv9AGyvvgvv9DQivv~GLvvAvv;a|vvTvvAvv(*vv9J$vvPgGyvvR*vv9OIvvv}vv9
h\vvJvv"vv9Pyvvxpvv,GyvvqvvZvv{GyvvTvv9<vvu.pvvtvvO@vv]vv9fvvqvvBivv;dGCJvv9Yvv+vv{GCPvvv(QIpvv,$vvPg
GyvvvqvvvAvvvQI.h*vvvgvvv(OGyvvvTvvv=vvv>pvvv,$vvvPgGyvvvR*vvv9OIE]IvvvOqvvvv=vvv+vvvQE]vvvv{

q
|vvv#G}Yvvv"vvv9aGCJvvvTvvv"vvv?

hGyvvAvvTvv}vv+vvOhGyvvAvvtvv"vv+vv9JGCJvvTvv"vv?hEOGQIGCJvv9Yvv+vv{hGC(GQOG@vv+vvOI.$vvPgGyvvR*vv9OGJVvvw
q
vvzvvB

FRAG
k

QF+T9
k

|#GyD(QIGB]QGAG}h](4).

yvvtvvOG!vvgvvwvvTvvBBCvv9QGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvv(GSvvgvv?fvv̂pvvtvvQGAGyvvOhdGyvv"vv9|vv+vv?pvv,fvvOO
|#GC|VQGJGy%9|?yzA"}+?G:sAZ9O*?hG}|#GyjPGF,CG%9:

(3)|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?(Gyvvqvv9h),OhQGyv=vJv(KGyvRQGfv+v?pv,G}|v#GyvjvPGFv,Gyvgv9C,hGyvAv"v}v+v?
GyRQGf+?(Qh|9:Gyq9h,1995).

(4)U. S. Department of Agriculture (USDA), PSD Dataset (Washington, DC: USDA, 1994).
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1vvvvvR*vv9OIfvvQVGyvvjvvPGAhGSvvAvvtvvQGQgfvv̂|vvTvvAvv(iGyvvOhdh|vvRGQfvv+vv%vv9,pvvtvvOGQ@vvqvvh
GyvvQsvv~Gyvvtvv+vv9Svv, !vvAvv9LGyvvjvvPGAyvvzvvqvvQOpvv,=vv+vvhGyvvOhdGyvv"vv9|vv+vv?<vvvvv20pvv,GC8vv?<vv+#GyvvqvvAvvQ@vv+#

1962/1965h1989/1991pvvvvv,Ivvvvv_RGOJJvvvvvZvvvvvZvvvvv9JGyvvvvvqvvvvvQO|vvvvv#GyvvvvvTvvvvvgvvvvvQGJ
GAQGQ*?<vvv26p,GC8?<+#GyqAQ@+#GCPv(Q@+#(5).

2vvvvvG!vMvqv9VCSvgv9QGAv=v(HGyvgv9C+v?GAvtv+vtv+v?(sv}vK,PQI,Iv=v(HLvWv"v?)<vvvv50
p,GC8?<+#f9|,1960h1990,|9Fg{GA=(Hp,|A"9hdG@}+h@tQ*=9

k(6).

3vvvvvLvvqvv̂!vvTvv=vv?G:fvvAvv}vv9Ofvv̂GCTvv9fvvOGJGyvvjvvPGFvv+vv?GyvvOhy+?z|vv#E=vv9[Gyvvwvv}vv+vv?
GCTvvvAvvv%vvvzvvvwvvv?y<vvvvvv14pvvv,GC8vvv?fvvv̂GCTvvvAvvv(iGyvvvgvvv9C,h<vvvvvv65pvvv,GC8vvv?fvvv̂|vvvTvvvAvvv(iGyvvvtvvv9QI
G6S+(*?(7).

4vvvvvR*vv9OIpvvQUGyvvgvv}vv{hGyvvOLvv{fvv=vvQGyvv"vv}vv(G:svvAvvZvv9OjGyvvPj@vvtvv(OgGyvvRQGfvv?EP
*v|OjGQ@vqv9YGyv"v}v(GyvRQGfv,<vvvv1pv,GC8v?pv,GyvOhdGyv"v9|v+v?E]R*v9OIpv,!v}v(Gyvtvav9fv9J
G:sAZ9O*?G}LQi<vvvv1,5p,GC8?(8).

5vvvvvG:!vvMvvqvv9VGyvvwvv=vv+vvQpvv,CfvvOGOGyvvqvvtvvQGApvv,GyvvOhdGyvv"vv9|vv+vv?GyvvAvv,_vv(qQJRQGfvvAvv%vv9
vv{!vOh!v+Tv+v9h|v9y+R*v9,Iv+vEG!vMvqv]vBpv+v%v}v9!vTv=v?GyvqvtvQ<v+#fv9|v,1970h1990|v#

58pv,GC8v?E]14pv,GC8v?pv,G}h]h|v#21pv,GC8v?E]4pv,GC8v?pv,GyvDv9!v+?Lv9Yv?
p,GC"9_uGyQ*q+?(9).

6vvvvvyvvtvvOCCvvQJGyvv=vvJvv(KGyvvRQGfvv+vv?EKvv9<vv+9
k
pvv,Gyvv=vv+vv8vv?|vv#Lvv;dR*vv9OIG !vvAvv9Fvv+vv?GyvvAvv,

COJE]GAvvvvO|vvvv#RQGfvvvv?GC"vvvv9_vvvvuGAvvvvO*vvvv?(Gyvvvv%vvvv9|vvvvWvvvv+vvvv?),vvvvv}vvvv9Svvvv9fvvvvOJpvvvv,GAvvvvO|vvvv#
G:fvvAvv}vv9Ofvv̂GCTvvAvvzvvR|vv9JGyvvwvv+vv}vv+vv9Fvv+vv?ivv+vvQGyvv]vvQhQ*vv?hGyvvAvvQvvv+vvRfvv̂G OGQIGCAvvwvv9|vvzvv?
y7p9JGyA,COJE]R*9OIi;dG}QRp,GygO*O|#<zOGfBS+9.

7vvvvvyvvtvvOC\vv9pvvBGyvv=vvJvv(KGyvvRQGfvv+vv?|vv"vv9pvvhGsvvAvvZvv9O*vv?yvvzvv}vv"vvAvvGvv_hGCTvvAvv%vvzvvwvv_fvv̂
GyT(GA<q]{R*9OIG !A9F+?pRGOJOL(dGC"AG_hLq]B|ZQhp9JGCTA%zw_.

(5)N. Alexandratos, ed., World Agriculture Towards 2010: An FAO Study (Chichester, UK: John

Wiley and Sons; Rome: Food and Agriculture Organization (FAO), 1995).

(6)Consultative Group on International Agricultural Research (CGIAR)/TAC, «Perspectives

on Policy and Management Research in the CGIAR,» (SDR/TAC:IAR/95/26.1, Rome, 1996).

(7)Food and Agriculture Organization (FAO), Water Development for Food Security (Rome:

FAO, 1995).

(8)GCZOQ!qT&.
(9)GCZOQ!qT&.
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2vvvvv!d9eGy=J(KGyRQGf+?Gyg9C,hf;sA&<9yAwD+rGyRQGf,

Cvvvvv!d9eGy=J(KGyRQGf+?Gyg9C,

:vQiGyv=vJv(KGyvRQGfv+v?pv,GCGvAv}vhGyvOh[hpvuGYvav;M!vdv9eGyv=vJv(KGyvRQGfv+v?
Gyvvgvv9C,GyvvPj*vv]vv~Hvv}vv(fvv?|vvAvv=vv9*vv"vv?|vv#GC"vvdvv}vv9JhGC|SvvTvv9JPGJGCRG*vv9hGyvvtvvOQGJ
GBv9Yv?pv,|vgv9@v?GCWvwv;JGyvAv,@v(GFv&G !vAv9LGyvRQGfv,hGyvAvjv+vQGJGyv%v9Fvzv?pv,|v+vOGf
Gyvvgvvzvv~hpvv,hfvv,GCRGQfvv_hOQFvv?GyvvAvv"vvdvv+vv~G@vv}vv9fvv,hpvv,|vvWvv9Qvvv?Gyvvtvvavv9YGBvv9U...
EyvvvN.yvvvtvvvOCLvvvPJ$vvvPgGC"vvvdvvv}vvv9JhGC|SvvvTvvv9Jpvvv,@vvv(Cvvv+vvvuGQ@vvv=vvv9_vvv%vvv9\vvv}vvv#Vvvv=vvvwvvv?ivvv+vvvQ
QSv}v+v?yvzv=vJv(KGyvRQGfv+v?hQ@qv=vB6v+vwv{@v"vdv+v}v,6vOa@vav(*vQ$vPgGyv=vJv(KhGyvAvtv"v+v9J
GCTAMO|?p+%9.h*AWw{!d9eGy=J(KGyRQGf+?Gyg9C,|#Gyg"9YQG6@+?:

1vvvvvV=w9JGy=J(KGyRQGf+?GytaQ*?p,Gy=zOGfGy"9|+?.

2vvvvvV=w9JGy=J(KGyRQGf+?GytaQ*?p,Gy=zOGfGCAa(QI.

3vvvvv|QGvRGy=J(KGyOhy+?GyRQGf+?,GyWw{Qs~(9vvvvv1).

hp,|9*\@qZ+;Jf#$PgGyW=w9J:

(1)V=w9JGy=J(KGyRQGf+?GytaQ*?p,Gy=zOGfGy"9|+?

@vvgvvAvv=vvQVvv=vvwvv9JGyvv=vvJvv(KGyvvRQGfvv+vv?GyvvtvvavvQ*vv?pvv,Gyvv=vvzvvOGfGyvv"vv9|vv+vv?<vv}vv9pvv+vv%vv9Gyvv=vvzvvOGf
GyvvvgvvvQ<vvv+?,IvvvGvvvQGyvvvRGh*vvv?pvvv,!vvvdvvv9eGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvvgvvv9C,vvvv(8vvv9@vvvTvvvgvvv)E]R*vvv9OI
G !vvAvv9Fvv+vv?hGyvvQ<vvJvv+vv?GyvvRQGfvv+vv?pvv,<vvzvvOG8vv9.h@vvAvvwvv(f$vvPgGyvvWvv=vvwvv9J|vv#:|vvgvv9$vvOGyvv=vvJvv(K
GyvvvRQGfvvv+vvv?GyvvvtvvvavvvQ*vvv?,VvvvQvvvv9JGyvvvtvvvavvv9YGBvvv9U,GC"vvvdvvv}vvv9Jivvv+vvvQGAvvvwvvv(|vvv+vvv?=vvvgvvv+vvv9J
GCRGQf_,vz+9JGyRQGf?.

Ef|vvgvv9$vvOGyvv=vvJvv(KGyvvRQGfvv+vv?GyvvtvvavvQ*vv?|vv9RGyvvB@vv9<vvgvv?pvv,vvvDvv+vvQ|vv#GyvvOhdGyvv"vv9|vv+vv?
yvzvtvav9YGyvgv9ezhRGQIGyvRQGfv?hG Yv;MGyvRQGfv,,vvz+9JGyvRQGfv?hRGQIGyvQjhiv+vQ$v9
pvv,Svv(Q*vv?y,Ivv+vvE@vvgvv9P!vvtvv9W\vvgvvrVvv9Fvvgvv?vvv"vvtvv[GCQh!vv?hGyvvAvv}vv(*vv{h\vvgvvrGyvv=vv"vv+vv?
G}Svv9Svv+vv?hGyvvAvvOLvv;JG OGQ*vv?hGyvvTvv+vv9Svv+vv?.hyvvwvv,@vvzLvvP$vvPgGCgvv9$vvOOhQ$vv9:<vvOqCf
@vvvAvvvgvvv9hf<vvvGvvvO*vvv?|vvvhG@vvv9|vvvgvvv9Jh|vvvhGyvvvtvvvavvv9YGBvvv9UhCf@vvvAvvvJvvv}vvv{|vvvTvvv|hy+?Cvvvv=vvvQpvvv,
GSvvAvv"vv=vv9WGyvvAvvwvv"vv(yvv(Fvv+vv9JGyvv;R|vv?yvv=vv;O$vv9hCf@vvgvv}vv{|vvhGCRGQfvv_yvvAvvJvvO*vvOGyvv=vvJvv(K
GCTAt=z+?GCaz(<?.

C|v9G@v9|vgv9JGyvAv,@vZvOqQGC(GQOGyv=vWvQ*v?GyvAv,SvAvgv}v{pv,Gyv=vJv(KGyvRQGfv+v?hpv,
G QVv9OGyvRQGfv,pvwvzv}v9GQ@vqvh|vTvAv(i@vgvz+}v%v9@v+TvQ@vav(*vQGyvAvwv"v(yv(Fv+v9h!vtvzv%v9.h|v#
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Gyvv]vvQhQI<vv}vvwvv9fCf@vvgvvRRvvvz+9JGyvvRQGfvv?Yvv;7vv9<vv}vvgvv9$vvOGyvv=vvJvv(KGyvvtvvavvQ*vv?h<vv9yvvtvvavv9Y
GB9Uh@g}{|g9

k
f^h\h<QG|HGy=J(KGyRQGf+?GytaQ*?.

|vv#Fvv%vv?CLvvQi,*vvAvvRG*vvOOhQGyvvtvvavv9YGBvv9Upvv,Gyvv=vvJvv(KGyvvRQGfvv+vv?pvv,GyvvOhd
Gyv"v9|v+v?,hEfvv9fIvOhOG

k
FvOG

k
,Ch|vgvOh|v9

k
pv,Gyv=vzvOGfGyvgvQ<v+?,pv,GyvTv"v(GJG}Lv+vQI,

E:C!vvv&|vvvAvvvqvvv9hJpvvv+vvv%vvv9IvvvTvvv>GC"vvv9Lvvv9JGyvvvTvvv+vvv9Svvv+vvv?h|vvvTvvvAvvv(*vvv9JGyvvvAvvv"vvv}vvv+vvv?G:svvvAvvvZvvv9O*vvv?
h@vvvWvvvQ*vvvgvvv9JIvvvtvvv(bh<vvvQGAGJG:LvvvAvvvQGYhfvvv(G|vvv{GyvvvTvvv(bGCMvvvAvvvzvvvqvvv?.h<vvv+"vvv}vvv9@vvvQvvvvRJ
|vTv9Gv9JGyvtvav9YGBv9Upv,Gyv=vJv(Kh;vTv_GC9OIGyv(QGCv+v?yvzv}vJv9Yv+v{GyvjvPGFv+v?hiv+vQ
GyjPGF+?ptOG!JTQJ$PgGCT9G9Jf#<J(KEOGQIGC(GQOGya=+g+?.

GyWw{Qs~(9vvvvv1)
V=w?Gy=J(KGyRQGf+?Gyg9C+?

GCZvvvvvOQ:Food and Agriculture Organization (FAO),Water Development for Food Security (Rome:

FAO, 1995).

C|vv9GC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv+vv?pvvtvvORGOJpvvgvv9y+97vv9pvv,GyvvwvvDvv+vvQ|vv#GyvvOhdGyvv"vv9|vv+vv?
G6LvvPI6vv9!vvdvvQG

k
yvvtvv(I@vvzCvv+vvQ$vv9pvv,<vvJvv(KGC(GA|vv?hGyvvAvv"vv}vv+vv?hGQ@vvqvv9YYvv(7vv9pvv,GAvvO*vvE
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fvv#Svvwvv9fGyvvQ*vvr.hpvv,E_vv9QVvv=vvwvv9JGyvv=vvJvv(KGyvvRQGfvv+vv?GyvvtvvavvQ*vv?Kvv>fvvOeEivvqvv9d
GCRGQfvvv_Svvv(GACvvvv9!vvv(G|vvv"vvvdvvv}vvv_pvvv,=vvvgvvv+vvv9JChpvvvQGOi,EPKvvv>Cf@vvv"vvvavvvzvvvuGyvvv=vvvJvvv(K
GyvvvvRQGfvvvv+vvvv?|vvvv#Ivvvv9Fvvvv9J$vvvv|:AGCRGQfvvvv_h<vvvv9yvvvvAvvvv9[Kvvvv>Cf*vvvvTvvvvAvvvvGvvvv+vvvv>FvvvvOhdCfvvvv}vvvv9d
Gy=J(KGyRQGf+?GCTAt=\:IA+9F97~.

(2)V=w9JGy=J(KGyRQGf+?GytaQ*?p,GyOhdGCAa(QI

@vv|CvvQ$vvPgGyvvWvv=vvwvv9J<vvqvvgvv9y+?pvv,!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9C,hpvv,;vvtvv+vvuG}|vv#
GyvvvjvvvPGFvvv,yvvvzvvv}vvvGvvvAvvv}vvvhGyvvvOh[hPyvvvx|vvv#Lvvv;d@vvvgvvv9h8vvv9|vvvhvvvv{

q
|vvv#Vvvv=vvvwvvv9JGyvvv=vvvJvvv(K

GyvRQGfv+v?GyvtvavQ*v?pv,GyvOhdGyv"v9|v+v?h|vh|vQGvvRGyv=vJv(KGyvOhy+?!vdvQG
k
C9yvO9v9|v#svOQGJ

$vv9Fvvzvv?pvv,Hvv9:JGyvv=vvJvv(KGyvvAvvavv=vv+vvtvv+vv?hG}Svv9Svv+vv?Lvv9Yvv?G@vv9|vvgvv9Jh|vvZvv9!vvhGyvvtvvavv9Y
GBvvv9U.yvvvtvvvO!vvvGvvvJvvvBFvvv9|vvvgvvv9JGyvvvOhdGCAvvvavvv(QIpvvv,EO|vvv9LGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?<vvvZvvv(QI
pvgv9yv?pv,|vQGIv{GyvAvgvz+~hG QVv9Ovv}v9CLvPJ$vPgG@v9|vgv9Jpv,EFvQGA<vJv(Cv%v9yvZv9yvK
VvQvv9JGyvtvav9YGBv9U<vgvOG!vJvTv9QGyvAv}v(*v{GAvwv(|v,yv%v9.h*v=vWvQOhQ$vPGGyvtvav9Ypv,
<J(KGyAw"(y(F+9GA+(*?hGyAa=+t+9Jp,It(dGCRGQf_<9B+QGyg}+~.

(3)|QGvRGy=J(KGyRQGf+?GyOhy+?

pvvvv,fvvvv9e1971C!vvvvWvvvv8vvvvBGCGvvvv}vvvv(fvvvv?G:SvvvvAvvvvWvvvv9Q*vvvv?GyvvvvOhy+?yvvvvzvvvv=vvvvJvvvv(KGyvvvvRQGfvvvv+vvvv?
(Consultative Group on International Agricultural Research (CGIAR))6vvvOasvvv+vvv9O7vvv9

yvvzvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9C+vv?.Ivv9y+9
k
@vvWvvQa$vvPgGCGvv}vv(fvv?fvv̂16|vvQvvvRG

k
Ohy+9

k
yvvzvv=vvJvv(K

GyvRQGfv+v?@v"vAvWvQpv,=v+vhC!vJv9AGyvgv9D,h|v"v%v9GCQvvRGyvOh[yvzv=vJv(KGyvRQGfv+v?pv,GC"v9_vu
G@v9pv?zG:*vwv9QOGypv,Sv(Q*v?.Qiv~E!vqv9b$vPgGCQGvvRGCJvOhOfv̂<vJv(Cv%v9GyvRQGfv+v?(4
pvvv,GC8vvv?|vvv#Hvvv}vvv(YGCZvvvQhafvvv̂Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?pvvv,Gyvvvgvvv9D),E:Cf@vvvzCvvv+vvvQG7vvv9
hG\J?p,GyOhdGyA,@Ag9|{|g%9.

yvtvO@v(SvgvBG$vAv}v9|v9JGCGv}v(fv?G:SvAvWv9Q*v?GyvOhy+?GCPvv(QI|v#R*v9OIE!vAv9Fv+v?
Iv9Yv+v{GAv=v(HGyvjvPGFv+v?(Gyvtv}vKhGyvPQIhG}QR)E]G:$vAv}v9e<v9CJv9Yv+v{iv+vQGyvjvPGFv+v?
h<v9yvDvQhIGAv+v(G!v+?h|vZv9FvOG}Sv}v9chGC(GQOGyv(QGCv+v?hEOGQIGC(GQOGyvav=v+vgv+v?hYv+v9!vAv%v9
hGCJvvv9pvvvdvvv?fvvv̂Gyvvv=vvv+vvv8vvv?<vvv9 \vvv9pvvv?E]svvv+vvv9OIVvvv=vvvwvvv9JGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvvgvvv9C+vvv?<vvvWvvvwvvv{
Q@vv+>,h|vvTvv9fvvOIVvv=vvwvv9JGyvv=vvJvv(KGyvvRQGfvv+vv?GyvvtvvavvQ*vv?pvv,<vv"vv9ALvv=vvQG7vv9hPyvvx<vvAvvOQ*vv>
GCT|hy+#f#Gy=J(Kh_QbEFQGF%9h@t++}%9.

Hvvvvvf;s?GyAwD+rGyRQGf,<"d9eGy=J(KGyRQGf+?Gyg9C,

yvvtvvOG!vvgvvwvvU!vv}vv(GyvvTvvwvv9fGyvvgvv9C,pvv,<vvOG*vv?GyvvDvv}vv9!vv+"vv+qvv9Jpvv,@vvtvvz+[JvvZvvZvv9J
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GyvvqvvQO|vv#G}QVGyvvRQGfvv+vv?|vv#0,93$vvwvvAvv9Qpvv,|vv"vvAvvZvvrGyvvTvv=vvgvv+"+qvv9JE]0,5$vvwvvAvv9Q
pvvvv,fvvvv9e2000@vvvvtvvvvQ*vvvv=vvvv9

k
.hyvvvvwvvvv#<vvvv9yvvvv"vvvvTvvvv=vvvv?E]GyvvvvOhdPGJGyvvvv"vvvvOQIpvvvv,GC(GQOG}Q\vvvv+vvvv?

hGyvvwvvDvv9pvv?GyvvTvvwvv9!vv+?Gyvvgvv9y+?G!vvMvvqvv]vvBJvvZvvZvv9JGyvvqvvQOfvv#GyvvQsvv}vv_GCPvvv(Q*vv#vvvDvv+vvQG
k

EP
<vzvjvBpv,GyvqvAvQ@v+#GCPvv(Q@v+#0,30$vwvAv9Qh0,18$vwvAv9QyvzvqvQOfv̂GyvAv(G[(10).yvtvO
svOQGyv=v9IvESv(G|v+"9Cv9f(Swaminathan)fv9e1992JvZvZv9JGyvqvQOGyvZv+",hGyv%v"vOj
|vvv#G}QG\vvv,GCRQhfvvv?fvvv9e2000<vvvvvv0,10hfvvv̂GyvvvAvvv(G[.Ef|vvvDvvv{$vvvPgGyvvv]vvvjvvv(Wfvvv̂
G}QG\vv,GyvvRQGfvv+vv?Svv(a*vvtvv(OIvvAvv}vv9

k
E]@vvwvvDvv+vvrGyvvRQGfvv?pvv,G}QG\vv,GCRQhfvv?6vvOa

GAvvZvv(dfvv̂GCR*vvO|vv#GCMvvQFvv9JGyvvRQGfvv+vv?.h$vvPG*vvAvv(svvr<vv9Ctvv9*vv+vvUGyvvOhy+?Gyvvwvv=vv+vvQI
f^GyAtOqeGygz},GCTA}QyzAw"(y(F+9GyRQGf+?(11).

yvvtvvOhFvvO@vvgvv9hfIvvOhO<vv+#GyvvOhdsvv=vv{GAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?pvv,Hvv9dGyvv=vvJvv(K
GyvvvvRQGfvvvv+vvvv?hG}Fvvvv+vvvv9dGyvvvvAvvvvwvvvv"vvvv(yvvvv(Fvvvv+vvvv?GyvvvvRQGfvvvv+vvvv?hyvvvvPyvvvvxpvvvvtvvvvO_vvvv(QJ|vvvvgvvvvdvvvv~GyvvvvOhd
@vvwvv"vv(yvv(Fvv+vv97vv9GyvvRQGfvv+vv?|vv"vvgvvRyvv?!vvTvv=vv+vv9

k
.E:Cf$vvPGGyvv(\vvhD*vvgvvO|vv(Fvv(OG

k
G6fEP*vv(FvvO

fv"v9YvQQFv+vTv?C9*v(Yvr<vz!v&!vdv9efv9C,yvzv=vJv(KGyvRQGfv+v?EP*v}vwv#}j<vzvOCf*vQ<vb
Fvv%vv(OC<vvJvv9Cvv&|vvhGyvv"vvdvv9eGyvvgvv9C,6vvOa|vvgvv9@vv?hIvv{GCWvv9vvv{GyvvRQGfvv+vv?Gyvv%vv9|vv?yvvO*vv&.pvv,
GyvvqvvtvvQIGyvvTvv9<vvtvv?@vvgvvQ\vv"vv9<vv9yvvAvvqvvZvv+vv{yvv%vvPGGyvv"vvdvv9eGyvvgvv9C,yvvzvv=vvJvv(KGyvvRQGfvv+vv?GyvvPj@vvAvvgvv9|vv{
C_vQGpv&GyvDv;Cv?|vgv9

k
<vavQGFvuJvAvzvqv?|v"v%v9G:@vqv9sv+v9JG}Iv9O*v?hGyvDv"v9Fv+v?hVv=vwv?G}<vJv9K.

yvvtvvOC
o
fvvO!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9C,hpvvtvv9

k
yvvzvv}vvAvvavvzvv=vv9JGyvvgvvzvv}vv+vv?hGyvv=vvJvvDvv+vv?,E:C!vv&D

*vvtvv~CIvvO<vvTvv#GyvvAvvWvvQ*vvgvv9JGyvvOGfvv}vv?yvv&hEvv(*vvzvv&yvv]vv}vv9fE!vvWvv9Fvv&.h|vvh!vv}vv(gh@vvavv(QgpvvtvvO
CYvv=vvK$vvPGGyvv"vvdvv9eCvvv=vvQ|vvWvvQhYyvvzvvAvvgvv9hfGyvvgvv9C,pvv,Gyvvgvv9DIvv+vvE@vvTvv9$vv~<vv&=vv+vvhGyvvOhd
@vvtvvQ*vv=vv9

k
,vvv{|vv"vv%vv9<vvavvQ*vvtvv?|vv9h<vvAvv}vv(*vv{PGO|vv"vv%vv9hpvv,CQG\vv+vv%vv9,Lvv9Yvv?GyvvOhdGyvv"vv9|vv+vv?,

vvv(8vv9IvvQ*vvZvv?G6ffvv̂|vvTvv9*vvQIGyvvAvvtvvOqeGyvvgvvzvv}vv,hGyvvAvvwvv"vv(yvv(Fvv,Lvv(pvv9
k

|vv#<vvavv+vv%vv9.$vvPG,
h*vvtvvOe!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9C,yvvzvvOhdGyvv"vv9|vv+vv?Gyvv(Svv9Fvv{hG}OhGJGCTvv9Gvv?pvv,
I{

q
|W9vz%9GyRQGf+?GC;F}?ydQhp%9.

|vv#Fvv%vv?CLvvQi,@vv~qGAvvZvv(dfvv̂pvv(GFvvOfvvO*vvOIpvv,hsvv9*vv?GCJvv9Yvv+vv{hGyvvgvv}vvz+9J
GyvvRQGfvv+vv?|vv"vvPGAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?.pvv9yvvwvv+vv}vv+vv9Fvv+vv9JGAvvO*vvDvv?,LvvZvv(Yvv9

k
PGJGyvv"vv(fvv+vv9J

(10)Nikos Alexandratos [et al.], Agriculture from the Perspective of Population Growth: Some

Results from «Agriculture: Toward 2000» (Rome: Food and Agriculture Organization (FAO), 1983).

(11)G!vvvvvvdvvvvvvQ:M. S. Swaminathan, Sustainable Development System for Small Farmers (Rome: Food

and Agriculture Organization (FAO), 1992), and V. W. Ruttan, «Towards a Global Agricultural

Research System,» in: E. Javier and U. Renborg, eds., The Changing Dynamics of Global Agriculture (The

Hague, Netherlands: ISNAR/DSE/CTA, 1988).
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GBvvv9Yvvv?,FvvvgvvvzvvvBG !vvvAvvv9Lhivvv;yvvv&Gyvvvgvvv9y+?*vvv(GFvvv%vvv9fG}|vvvQGVhGAvvvWvvvQGJhG6pvvv9J
hG}fvvWvv9HGyvv]vv9QI.hsvvO!vv}vvBG:SvvAvvqvv9OIGyvvwvv=vv+vvQI|vv#fvv}vvz+9JGyvvAvvQ<vv+?pvv,RQYGCtvv9h|vv?
\vvO
q

Bpvv9JGCJvvZvv(d,vvv}vv9@vv(pvvQJG6:JGAvvO*vvDvv?pvv,C|vv9vvv#fvvO*vvOIyvvZvv"vvh|vv(GOhsvv9*vv?
Gyvv"vv=vv9@vv9JGyvvqvvgvv9yvv?6vvOa@vv(pvv+vvQGyvvAvvwvv9y+r.vvvPyvvxGSvvAvvMvvO|vvBGCtvv9h|vv?GAvv+vv(*vv?(vvv}vv9|vvQq

|g"9p,GyqZ{GyT9OS)p,<g^GA9:J.

CLvvv+vvvQG
k

,Efhsvvv9*vvv?Gyvvv"vvv=vvv9J,E]Fvvv9!vvv>GSvvvAvvvgvvv}vvv9dhIvvvqvvveGC(GQOGyvvv(QGCvvv+vvv?yvvvR*vvv9OI
G !vvAvv9Fvv+vv?(fvv#_vvQ*vvuE!vvAvv9LGyvv"vv=vv9@vv9JGyvvtvv(*vv?Gyvvgvv9y+?G !vvAvv9L)<vv"vvWvv9_vv97vv9GCMvvAvvzvvqvv?\vvOq

C|vQGVGyv"v=v9@v9JhGAv+v(G!v9JhG6pv9JhGAvWvQGJ@vgvAv=vQ|v#C$v~GCGv9:JGyv=vJvDv+v?GyvAv,
*}w#!d9eGy=J(KGyg9C,Cf*WQafz+%9.

yvvvtvvvOsvvv9OJG@vvv%vvv(OGyvvvgvvv9C+vvv?pvvv,GSvvvAvvv+vvvgvvv9HG}|vvvQGVGAvvv9y+?h;vvvO*vvvO$vvv9fvvv=vvvQ!vvvdvvv~
GyvvAvvJvvP*vvQGC=vvwvvQIhGyvv=vvJvvEfvv#GC(GQOGCtvv9h|vv?yvv%vv9E]E!vvGvv9RGJvvv=vv+vvQI,EP|vv#G}Gvv+vv?
<vv}vvwvv9f|vvgvvQpvv?Gyvv(\vvhGyvvgvv9C,yvv~|vvQGVGyvv%vv9|vv?hC|vvwvv"vv?Evv(\vvh|vv(GQOGCtvv9h|vv?hvvvPyvvx
!vvdvv9eGyvv=vvJvv(KGyvvgvv9C,hVvvQvvv9Fvv&,Ivv+vvE*vvgvvAvv=vvQGyvv;fvv>G}Svv9Svv,pvv,IvvqvveGyvv=vv+vv9!vv9J
hGCgvzv(|v9JGyvqvQO*v?<v9 \v9pv?E]|v9=vh|v#GC(GQOGyv(QGCv+v?.h@vqv+vOGyvAvwv"v(yv(Fv+v9GAv+v(*v?
p,GCT9fOIf^@gQ*rG@+"9JGB9Y?<AWM+[G}|QGVh;T_GCt9h|?.

|vv#Fvv%vv?Cvv9yvvDvv?h\vvJvv"vv9pvv,GyvvqvvZvvz+#GyvvDvv9PhGyvvDvv9yvvECGvv+vv?vvv{
q

|vv#|vv(QOjGC+vv9g
(hOhQ$v9pv,GSvAvZv;MG}QG\v,)hG}QG\v,,hGfvAv=v9QGv9|v#C$v~G:SvAvQG@v+Gv+v9Jpv,
R*vvv9OIfvvvQVGyvvvjvvvPGAfvvv#_vvvQ*vvvuE\vvv9pvvv?GCR*vvvO|vvv#G !vvvAvvv9Lpvvv,G}QG\vvv,G@vvv+vvvOIhCvvv=vvv9J
fvvQVGyvvjvvPGAh<vvqvv+vv̂Gyvv]vvjvvbfvv̂G}QG\vv,GAvvOq*vv?.|vv#GCgvvQhaCfGyvvRQGfvv?GCavvQ*vv?
$vv,GyvvTvv9FvvOIpvv,Gyvvgvv9DhyvvPyvvxpvv%vv"vv9cIvv9Fvv?|vv9Svv?yvvAvvJvvTvv_!vvdvv~GyvvRQGfvv?GCavvQ*vv?$vvPg
Lvv9Yvv?G |vvTvv9c6vv9hG VvvQGafvv̂GSvvAvvgvv}vv9dGC+vv9gpvv,C|vv9vvv#Svvtvv(_vv%vv9.pvv,$vvPGGCGvv9d
@vvTvv9fvvOfvv}vvz+?Gyvvqvv;Ivv?hGyvvgvvRbfvv̂;vvTvv_7vv+vv8vv?G}QVyvvzvvRQGfvv?,yvvPyvvx@vvROGOCGvv+vv?
EOGQIGC+vv9gpvv,G}QG\vv,G@vv9pvv?h$vv"vv9@vvgvvAvv=vvQGyvvTvvOhOGyvvTvvavvJvv+vv?GyvvZvvjvv+vvQIyvvAvvMvvR*vv#GC+vv9g
G@9Q*?y;SAMOG|9JGCTAt=z+?|#C$~GyaQbGyg}z+?GC}w#GSAMOG|%9.

vvvvPyvvvxh\vvvJvvv"vvv9pvvv,GyvvvqvvvZvvv{GyvvvTvvv9<vvvhOhQG}Svvv}vvvOIGCgvvvO!vvv+?pvvv,GSvvvAvvvOG|vvv?GyvvvjvvvPGA
hGyvvRQGfvv?hGyvv=vv+vv8vv?h<vv+"qvv9vvv+vvrCf

q
fvv}vvz+?@vvwvvDvv+vvrGyvvRQGfvv?@vvAvvavvzvv>G:SvvAvv}vvQGQpvv,R*vv9OI

GSvAvMvOGeG}Sv}vOI.h@v=vgv9
k
yvPyvxKv>Cf@vzLvPLvZv(<v?GyvAvQ<v?hC<vJv9KGyvAvTv}v+vOCpv]vz+?

vv=v+vQIpv,|vgvdv~GyvOhdLv9Yv?Gyv"v9|v+v?|v"v%v9.h@vgvAv=vQGyvOQGSv9JGyv%v9|v?fv#@v(pv+vQGyvgv"v9YvQ
GyvvvjvvvPGFvvv+vvv?yvvvzvvv"vvv=vvv9Jh_vvv9svvv?G}QG\vvv,h|vvvAvvvavvvzvvv=vvv9JGSvvvAvvvMvvvOGeG}Svvv}vvvOIhpvvvgvvv9y+Avvv%vvv9hEOGQI
G}QG\,|#Gy"t9WG}S9S+?Gy=JD+?.
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$vvPG,h*vv}vvwvv#EFvvQGAGyvvwvvDvv+vvQ|vv#Gyvv=vvJvv(KGyvvRQGfvv+vv?GCJvvz+?GCMvvAvvZvv?h;vvBcvvQha
!vtv{GyvAvwv"v(yv(Fv+v9GyvAv,*vavzvufvz+%v9GYvav;MGyv"vtv{GyvQCSv,(Gyv]v+vu)(Vertical Transfer).
h@vvAvvavvzvv>|vvDvv{$vvPgGyvv=vvJvv(K<vvJvv(Cvv9

k
hIvvzvv(:

k
Ivvz+?C*vv]vv9

k
,EPKvv>fvv̂vvv{

q
<vvzvvOCf@vvAvv(pvvQ

pvvv+vvv&GyvvvtvvvOQIfvvv̂E!vvvGvvv9R|vvvDvvv{$vvvPgGyvvv=vvvJvvv(K<vvvwvvvqvvv9AI.h*vvv}vvvwvvv#@vvvTvvv}vvv+vvv?<vvvgvvv̂|vvv(G\vvv+vvvh
Gyvv=vvJvv(K<vvvvzGSvvAvvQG@vv+Gvv+vv?Gyvv=vvJvv(KGyvvRQGfvv+vv?yGyvvAvv,:vvOGAvvzvv(dyvvzvvwvvDvv+vvQ|vv#GCWvvwvv;J
G}svvv{<vvvZvvvZvvv9

k
hGyvvvAvvv,*vvvavvvzvvvufvvvz+%vvv9\vvv}vvv#cvvvQha!vvvtvvv{GyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9Gyvvv"vvvtvvv{G}pvvvtvvv,

(Gyvv(GSvvh)(Horizontal Transfer)hKvv>Efvvavv9AGSvvAvvQG@vv+Gvv+vv?Gyvv=vvJvv(KGyvvRQGfvv+vv?GCR*vvO|vv#
G:$A}9ef^GCTA(*9JGy(_"+?hGyg9C+?.

$vvPG,h*vvAvvTvv9AdvvvDvv+vvQ|vv#GyvvTvv+vv9Svv+vv_hG:svvAvvZvv9O*vv_hG:FvvAvv}vv9fvv+vv_hQFvv9dGyvvgvvzvv~
hGy=J(KGyRQGf+?vD+QG

k
h*t(y(f:

${*}w#@(p+Q|Aaz=9JGCTAt={?

yvvvtvvvOcvvv%vvvQhG\vvvJvvv9
k
@vvvzCvvv+vvvQ!vvv}vvv(G !vvvAvvv9LGyvvvRQGfvvv,Lvvv;dGyvvvTvvv"vvv(GJGyvvvvvv40GC9\vvv+vvv?

<vvWvvwvvz+#:R*vv9OIGyvvjvv;d,hR*vv9OIG !vvAvv9LGyvvRQGfvv,G =vv9[.hEvvwvv"vvBpvv(GFvvOGyvvjvv;d|vv#
;vvtvv+vvuhfvv(OGyvvwvvTvv>GCTvvAvvtvv=vv\,E:C!vv&Kvv>R*vv9OIG !vvAvv9LChGyvvAvvJvvP*vvQE]Cf;vvtvv+vvu
GCAvvavvzvv=vv9JGCTvvAvvtvv=vvz+?*vvAvv(svvrfvv̂R*vv9OIGCgvvQpvv?hfvv̂@vvavv(*vvQ@vvtvv"vv+vv9JFvvO*vvOICOh@vvz|vv_
I9F9JGyTw9fGCARG*O*#<9SA}QGQ.

pvv,Gyvv(GsvvhEvvwvv"vvB|vvgvvdvv~GyvvOhdG6Svv+vv(*vv?|vv#;vvtvv+vvuGyvvjvvzvv?GC"vvavvzvvtvv?pvv,|vvgvvdvv~
Ivv9Yvv+vvzvv%vv9GyvvQFvv+vvTvv?.h*vv=vvOhC8vv9svv9OQIfvv̂;vvTvv+"%vv9fvv=vvQGyvvR|vv#,hSvv+vvAvv(svvr|vv9*vv"vvGvvR|vv"vv%vv9
|vvTvvAvvtvv=vv;

k
,pvv,FvvRAvvv=vv+vvQ|vv"vv&,fvv̂!vv(YG@vv%vv(OGCQvvvRIfvv̂R*vv9OIGyvvjvvzvv?Gyvvwvv9|vv"vv?@vv}vv+vvh

GCJvv9Yvv+vv{Lvv9Yvv?pvv,Ivv9Yvv+vv{GAvv=vv(HG}Svv9Svv+vv?GyvvAvv,@vvgvvAvv=vvQG}Svv9SyvvgvvQVGyvvjvvPGA
Gyvvvgvvv9C,.hKvvv>GyvvvAvvvQvvvv+vvvR$vvv"vvv9fvvv̂GyvvvOQGSvvv9JGCAvvvgvvvz

q
vvvtvvv?<vvv"ovvvdvvv~@vvvwvvvDvvv+vvvrG !vvvAvvv9LhGCgvvvQpvvv?

GyvvTvvz+}vv?<vvzSvvUGSvvAvvMvvOGeGC(GQOGyvvavv=vv+vvgvv+vv?(Lvv9Yvv?GyvvAvvQ<vv?)hpvv,cvv{
q

GyvvRQGfvv?GyvvAvvwvvDvv+vvqvv+vv?
GCARG*OI.

hGC;IvvveYvvvgvvv(<vvv?;vvvtvvv+vvvuGyvvvqvvv(GFvvvOChG}Q<vvv9MGCTvvvAvvvtvvv=vvvz+?fvvv"vvvO|vvv9@vvvAvvvGvvv9hRGyvvv=vvvzvvvOGf
|vv"vvJvv"vv)Gyvvjvvzvv?,EPSvvAvvOLvv{|vvWvvwvv;JE!vvAvv9Fvv+vv?IvvTvv9Svv?vvvz

q
vv}vv9;vvQqc|vv"vvJvv"vv)Gyvvjvv;dE]

G}fvv̂.pvv,Ivv9yvv?Gyvv=vvtvv9Afvv"vvOGCTvvAvv(*vv9JGCQ@vvqvvgvv?GAvv9y+?yvvzvvjvvzvv?ChGyvvAvvJvvQqcE]GBvvzvvrpvv;
<vvO
q

|vv#EfvvOGOh@vvOQ*vv>Gyvv=vv9IvvDvv_pvv,GC|SvvTvv9JGyvvqvv9fvvzvv?fvv̂G:SvvAvv}vvQGQGC|v
q
vvOyvvzvvgvv}vv{

h@(p+QGyA}(*{yPyx.

@vvAvvavvzvv>|vvtvv9<vvzvv?Ivv9Fvv9JGyvvjvvPGA<vv9CTvvAvvtvv=vv{vvv;
k
|vv#:GyvvAvvJvvTvv_Gyvv(QGCvv,GCTvvAvv}vvQ

yvvzvv}vvJvv9Yvv+vv{,@vvz|vv_!vvdvv9eivvzvv?|vvQ@vvqvvh,|vv(GOChy+?svv(*vv?|vvtvv9h|vv?yvv~|vvQGVhG6pvv9J,
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hGAvvvvO|vvvv#|vvvvWvvvvwvvvv;JGyvvvvAvvvvQ<vvvv?hGC9AhGyvvvvgvvvv(G|vvvv{GC"vvvv9Lvvvv+vvvv?G}LvvvvQi.h*vvvv;IvvvveG6fsvvvv(I
G:SvvAvvQG@vv+Gvv+vv?Gyvv(QGCvv+vv?pvv,GyvvAvvJvvTvv_GyvvRQGfvv,GyvvAvv,<vv+q"vvBSvvQfvv?;vvQqvvv%vv9vvvzOhGJFvvO*vvOI
hGQOI|#Gy=+(y(F+9GyPQ*?.

$vvvPG,h@vvvOQS|vvv%vvv9e<vvvJvvv(KGyvvvjvvvzvvv?vvvv+vvvqvvv+vvv?GAvvvqvvv9Xfvvv̂vvvv{
q

|vvv#G !vvvAvvv9Fvvv+vvv?hSvvvO
pvvGvv(GJGyvvjvvzvv?hQpvvhsvv(7vv9Gyvvwvv9|vv"vv?.hKvv>fvv̂vvv{

q
Ohyvv?,|vvAvvavv(QIvvv9!vvBCe!vv9|vv+vv?,Cf

*vwv(fyvO9v9GSvAvQG@v+Gv+v?<vJvDv+v?yvAvz|v_vv{
q

|v#$vPgGCAvavzv=v9JSv(GAyv(IvO$v9Ch<v9yvAvgv9hf
|vvhG6LvvQ*vv#,EP|vv#Ohf|vvDvv{GSvvAvvQG@vv+Gvv+vv9Jvvv%vvPg:<vvOqCf@vvgvv9PGyvvjvv;dYvvgvv(<vv?pvv,
;t+uG !G9RGJ.

vvPyvxKv>Cf@vwv(fEOGQIhGSvAvMvOGeGCOLv;JCvvDvQpvgv9y+?6vOaGAvZv(dfv̂
Cfvv̂Gyvvqvv(GFvvO|vv"vv%vv9|vvh\vv}vv9fGAvvOG}O!vv)|vv#G6Cvv9QGyvv=vv+vv8vv+vv?GCTvv=vv=vv?.hKvv>Cf@vv=vv"vv)$vvPg
G OGQIf^CSUGCgz(|9@+?hGCgQp?GCARG*OI.

h*v|Oj!vdv9eGyv=vJv(KGyvRQGfv,Gyvgv9C,OhQG
k

|v%v}v9
k
pv,|v%v}v?;vTv_E!vGv9RGJGyvjvzv?

Ivv+vvESvvAvvgvv9yvvHGCWvv9vvv{Gyvvgvv9|vv?<vvWvvwvv{|vvWvvAvvQc<vv+#GyvvOhdh<vv9$vvAvv}vv9ePGOvvv=vv+vvQ,h<vv9yvvAvv9[
Kvv>fvv̂=vv+vvhGyvvOhdGCWvv9Qvvv?pvv,$vvPGGyvv"vvdvv9eGAvvZvv(dfvv̂pvv(GFvvOg.vvv}vv9@vv|Oj|vvQGvvvR
Gyv=vJv(KGyvRQGfv+v?Gyvgv9C+v?OhQG

k
CSv9Sv+v9

k
pv,IvqvehYv+v9!v?h=vhGBv;*v9Gyv=v;R|v+v?,hPyvx

<vvvAvvvtvvvO*vvv~GBvvvavvv(WG}<vvv(*vvv?yvvvzvvv=vvvQG|vvvHGyvvv(_vvv"vvv+vvv?h@vvvOQ*vvv>Gyvvvwvvv9OQGyvvv(_vvv"vvv,GBvvv9U<vvvAvvvzvvvx
G}<J9K\}#!d9eGyAg9hfGCWAQc.

3vvvvvGC"9NGygz},GyRQGf,
CSvv8vvzvv?fvvzvv}vv+vv?vvvDvv+vvQI@vvDvv9QG6ffvv̂GCTvvAvv(iGyvvgvvzvv}vv,Gyvvgvv9[GyvvRQGfvv,CGvv%vv9:E]Cj

_vvQ*vvuSvvAvvtvv(O!vv9Gyvv=vvJvv(KGyvvRQGfvv+vv?Lvv;dGyvvgvvtvv(OGyvvtvv9O|vv?|vv#GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#,
h|9$,Gyg"9YQGCWw

q
z?yzG%OG}S9S,GB9U<9}|#GyjPGF,?

Kv+v>Gyvgvzv}v9AhGyv=v9IvDv(ffv#GyvTv|GdGyvTv9<vu<vzfQSv~LvQGFvbHv}v(fv9JG@v+"9J
z<v9SvAvMvOGeGyv=v+v(yv(Fv+v9G@vRFv+v?h_vQbGyvtv+v9SGyv=v+v(yv(Fv+v?yvAvGv}v+vhGCqv9$v+v~GCTvAv}vOI|v#
fvvvzvvv~Gyvvv(QGCvvv?GyvvvAvvvtvvvz+Ojy@vvvgvvvAvvv=vvvQ|vvv#G}Svvv9y+>Gyvvvtvvv+vvv}vvv?GCgvvvQhpvvv?6vvv9yvvvAvvvJvvvTvvv_Gyvvv=vvv;R|vvv9
Gyv(QGCv+v?.Iv9y+9

k
:vQipv,vv{

q
|v#Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?hChQh<v9hGy+9<v9fOQGSv9J

<vvWvvzfGyvvgvv"vv9YvvQGyvv(QGCvv+vv?yvvzvvJvv=vv(HhLvvQGFvvavv%vv9GC9O*vv?.h|vv#G:vvvAvvWvv9pvv9JGCP$vvzvv?pvv,$vvPG
GBvvZvv(Uvvv(f@vvQ@vv+>@vvAvv9<vvhGyvvvv(DNA)pvv,Hvv}vv(fvv9JFvv+"9JG}QRhGyvvPQIhGyvvtvv}vvK
hGyvvWvvgvv+vvQhGyvvPQIGyvvQpvv+vvgvv?hGyvvQGjhGyvvOLvv#|vvAvv}vv9Cvvzvv?E]IvvOqvvv=vv+vvQ.h*vvgvv"vv,PyvvxE|vvwvv9!vv+?
GSvvAvvMvvOGeG}QRpvv,@vvQ<vv+?Gyvvtvv}vvK!vvdvvQG

k
}fFvv+"9JG}QRYvvjvv+vvQIyvvzvvjvv9*vv?(CYvvjvvQ<vvvvv15
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|vvQI|vv#Fvv+"9JGyvvtvv}vvK),h<vv9yvvAvv9[*vv}vvwvv#GyvvgvvDvv(Qfvv̂G@vv+"9Jpvv,LvvQ*vvavv?G}QR<vvWvvwvv{
C*vvTvvQ|vv"vv&pvv,LvvQ*vvavv?Gyvvtvv}vvK.hpvv,Ivv9yvv?GyvvgvvDvv(Qfvv̂Fvv+"9J|vv%vv}vv?:vv9Q*vv9

k
pvv,LvvQ*vvavv?

G}QR*vv}vvwvv#|vvgvv%vv9;vvO*vvOG@vv+"9JGCtvv9<vvzvv?pvv,G}svvTvv9eGCWvv96vv?BvvQ*vvavv?Gyvvtvv}vvK.fvv}vv(|vv9
k

*}w#GSAMOGeG}Sz(H!qT&p,@Q<+?G}Y"9aG}LQiCG}(f?GA=(H(12).

vvvvvPyvvvvxSvvvv(a*vvvvtvvvv(O;vvvvTvvvv#@vvvvwvvvv"vvvv(yvvvv(Fvvvv+vvvv9GAvvvv9|vvvv̂Gyvvvv"vvvv(hjyvvvvzvvvv=vvvvJvvvv(KGBvvvv9Yvvvv?
<vv}vv+vvwvvQh<vv+(yvv(Fvv+vv9GyvvAvvQ<vv?fvv#_vvQ*vvu;vvO*vvO@vvWvvwvv+vvzvv?Gyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?GC(Fvv(OI<vv9yvvAvvQ<vv?,
<vJv+vE*v}vwv#GyvAv"v=v|<v9yvavQ*vtv?GyvAv,Kv>EOGQIGyvAvQ<v?6v9,6vOa;vTv_E!vAv9Fv+vAv%v9|v#Ohf
@vvgvvQV$vvPGGC(QOGyvvavv=vv+vvgvv,yvvzvvMvvavvQ.vvv}vv9Ef

v
G<vvAvvwvv9Q@vvtvv"vv+vv9J!vvdvv~GCgvvzvv(|vv9JG@vvjvvQGpvv+vv?

hGSvvvAvvvMvvvOG|vvv%vvv9z|vvv#Lvvv;dGyvvv=vvvQHvvv+vvv9JGyvvvwvvv(|vvv=vvv+vvv(@vvvQ*vvv?ypvvv,fvvv}vvvz+9JGyvvvAvvv"vvvdvvv+vvv~hGyvvvAvvvJvvvz+{
G IvZv9Fv,hGyvgvQVGyv=v+v9P<vJv+vE@vTv%v{yvzv=v9IvDv_OQGSv?GyvAvqv9fv;JGBv9Yv?<v9SvAvMvOGe
GC(GQOG}Q\vv+vv?pvv,GCGvv9:JGCMvvAvvzvvqvv?zGyvvRQGfvv?hGyvvjvv9<vv9JhYvv+vvOG}Svv}vv9cy.|vv#Fvv%vv?
Cvv9!vv+?,@vvgvvAvv=vvQ@vvwvv"vv(yvv(Fvv+vv9GCgvvzvv(|vv9J,CjGCgvvQpvv?h!vvdvv~GCgvvzvv(|vv9J,|vv(GQO$vv9|vv?yvvgvv}vvz+?
G !vvvAvvv9LGyvvvRQGfvvv,z<vvvTvvv=vvv>@vvvgvvvtvvvOC!vvvdvvv}vvv?G !vvvAvvv9LGyvvvRQGfvvv,hGyvvvAvvvtvvv"vvv+vvv9JGCTvvvAvvvMvvvO|vvv?pvvv+vvv%vvv9.y
pv9}pvQGOhGyvOhdGyvtv9OQhffv̂G:SvAvqv9OI|v#!vdv~GCgvzv(|v9@v+?hGSvAv+vgv96v9:<vOqCf@vgvav+v%v~
|v+vRIvv=v+vQIpv,GLvAv+v9QGyvAvtv"v+v9JGC"v9Sv=v?hLvqv̂GyvAvwv9y+rG !vAv9Fv+v?.pv,$vPGGBvZv(U
@vvTvv9fvvO!vvdvv~Gyvvgvv;svv9JGAvvO*vvDvv?zG:@vvZvv9dy|vv#@vvzvvqvvR*vv(fhQGO*vv(h@vvzvvqvv(fhpvv9vvvUhVvv=vvwvv?
G !AQ!Bp,GyAjz>p+R*t+9

k
f^GA(GFRGy=+QhsQG_+?yAg}+~!A9FHGy=J(K.

yvvtvvOGSvvAvvqvv9O|vv(QqOhGCOLvv;JGyvvRQGfvv+vv?pvv,Gyvv%vv"vvOhGyvv=vvQGR*vv{hG}QFvv"vvAvv_GyvvP*vv#
GSvvvAvvvavvv9fvvv(GG:SvvvAvvvqvvv9OIvvvvz+9

k
|vvv#!vvvdvvv~GCgvvvzvvv(|vvv9JGCAvvvtvvvO|vvv?<vvvJvvv+vvvECYvvv=vvvJvvv(GGC(QO*vvv#

G}Svvv9Svvv+vvv_yvvvzvvv}vvvgvvvzvvv(|vvv9JGyvvvRQGfvvv+vvv?E]GCRGQfvvv_.hyvvvwvvv,@vvvAvvv~G:SvvvAvvvqvvv9OI|vvv#@vvvtvvv"vvv+vvv9J
GCgvvzvv(|vv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?hGyvvgvvQ<vv+?:<ovvOv|vv#R*vv9OIG:SvvAvvDvv}vv9QGJpvv,@vvz|vv_Gyvv=vv"vv+vv?
GyvAvJvAv+v?Lv9Yv?pv,GCGv9:JGyvTvzvwv+v?hGyv;Svzvwv+v?hGyvwv%vQ<v9AhGyvavQbGC9Fv+v?hiv+vQ$v9.pv,
$vvPGGCGvv9d@vv|Ojfvv}vvz+?Esvv9|vv?|vv|SvvTvv9JEyvvwvvAvvQh!vv+?|vvAvvMvvZvvZvv?pvv,<vvQG|vvHGyvv=vvJvv(K
Gyvv"vv(fvv+vv?OhQG

k
$vv9|vv9

k
pvv,@vvTvv%vv+vv{h@vv"vv}vv+vv?GyvvAvvgvv9hfG svvz+}vv,hGyvvOh[fvv#_vvQ*vvuGCGvv}vv(fvv?

G:SvvAvvWvv9Q*vv?GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv?(CGIAR),EP*vv}vvwvv"vv%vv9Gyvvgvv}vv{vvv(Svv+vvbpvv,=vvh
GC|SvvvTvvv9JGCTvvvAvvvMvvvO|vvv?C(GQOGCgvvvzvvv(|vvv9JG yvvvwvvvAvvvQh!vvv+?(svvv(GfvvvOGyvvv=vvv+vvv9!vvv9JGCAvvvZvvvzvvv?hpvvvtvvv9

k

yvvvgvvv;svvv9JGyvvvgvvv}vvv;AhGCTvvvAvvvMvvvO|vvv_)hGBvvvO|vvv9JGCgvvv9h!vvv?(Gyvvv=vvvQ*vvvOG yvvvwvvvAvvvQhPhhIvvvOGJ
GBO|?G ywAQh!+?)(13).

(12)FAO,Water Development for Food Security.

(13)R. B. Hart, «Global Electronic Partnerships,» Outlook on Agriculture, vol. 23, no. 4 (1994).
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4vvvvvQhR!9|?Gy=J(KGyRQGf+?yzgtOG}hdyztQfGy(GIOhGygWQ*#

yvvtvvOCfvvOJGyvvzvvGvv"vv?G:SvvAvvWvv9Q*vv?Gyvvqvv"vv+vv?GyvvAvv9<vvgvv?yvvzvv}vvGvv}vv(fvv?G:SvvAvvWvv9Q*vv?yvvzvv=vvJvv(K
GyvvRQGfvv+vv?GyvvOhy+?Lvv;dfvv9e1996QhR!vv9|vv?Gyvv=vvJvv(KGyvvRQGfvv+vv?GyvvOhy+?yvvzvvgvvtvvOG}hd
yvvzvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#|vvAvv]vv}vv"vv?G:$vvAvv}vv9|vv9JGyvv=vvJvvDvv+vv?GCJvvAvv}vvzvv?}$vv~GyvvTvvzvvhGyvvOGLvvzvv?
\vv}vv#!vvavv9bG}|vv#GyvvjvvPGFvv,hG@vv(G!vv>G:FvvAvv}vv9fvv+vv?hGyvvavv=vv+vvgvv+vv?G}LvvQi.hsvvO@vv]vv}vv"vvB
$vvPgGyvvQhR!vv9|vv?GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv??vvTvv?Hvv9:JCSvv9Svv+vv?$vv,:<vvJvv(KG !vvAvv9L
Gyv"v=v9O,<vJv(KG !vAv9LGAv+v(GP,<vJv(K|vZv9FvOG}Sv}v9c,Gyv=vJv(KGCQ@v=vav?<v9yvjv9<v9J
hGyvvRQGfvv9JGCMvvAvvzvvqvv?6vv9,Gyvv=vvJvv(KGCQ@vv=vvavv?<vv=vvJvv(KGyvvTvvzvvhGyvvjvvPGFvv+vv?Gyvv%vv9|vv?.hpvv,|vv9*vv\
@qZ+;J$PgGyQhR!9|?Gy=JD+?:

Cvvvvv<J(KG !A9LGy"=9O

h@vvvAvvv]vvv}vvv#Gyvvv=vvvJvvv(KGCQ@vvv=vvvavvv?<vvvz$vvv~GyvvvTvvvzvvvhGyvvvjvvvPGFvvv+vvv?|vvvAvvv}vvvDvvvzvvv?<vvv9Avvv=vvv(HhG@vvvPhQ
hGyvvOQ!vv+9JhGyvv=vvtvv(y+9JGyvvjvvPGFvv+vv?hGCJvv9Yvv+vv{GyvvR*vvAvv+vv?.pvv,GC"vvavvtvv?GyvvgvvQ<vv+?9vv}vv"vv9Gyvv=vvJvv(K
GCQ@vv=vvavv?<vv9yvvTvvzvvhGyvvjvvPGFvv+vv?GCQivv(<vv?hGCgvv=vvQfvv"vv%vv9<vv9CJvv9Yvv+vv{G:SvvAvvQG@vv+Gvv+vv?GyvvjvvPGFvv+vv?E\vv9pvv?
E]GCJvv9Yvv+vv{GyvvAvvZvvO*vvQ*vv?hGyvvAvvZvv"vv+vvgvv+vv?G}LvvQivvv9yvvtvvavv#hGyvvWvv(!vvOQ(GyvvWvv}vv"vvOQ)GyvvTvvwvvQj
hGyA=khp(dGyZ(*9.

yvvtvvOfvv9yvvH!vvdvv9eGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9C,<vvgvv"vv9YvvQgGyvvDvv;Cvv?:Vvv=vvwvv9JGyvv=vvJvv(K
GyvvvRQGfvvv+vvv?GyvvvtvvvavvvQ*vvv?pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?h|vvvDvvv+vvv;7vvv9pvvv,GyvvvOhdGCAvvvavvv(QIh|vvvQGvvvvRGyvvv=vvvJvvv(K
GyvvvRQGfvvv+vvv?GyvvvOhy+?GyvvvwvvvDvvv+vvvQ|vvv#GCWvvvwvvv;JGyvvvRQGfvvv+vvv?GBvvv9Yvvv?<vvv9CJvvv9Yvvv+vvv{GCPvvvv(QILvvv;d
Gygt(OGyD;C?GC9\+?.

|vvv#Fvvv%vvv?CLvvvQi,IvvvOO!vvvdvvv9eGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvvgvvv9C,C$vvv~GCWvvvwvvv;JGyvvv=vvvJvvvDvvv+vvv?
GyvRQGfv+v?GyvAv,SvAv(GFv&GCJv9Yv+v{GCOQhSv?,IvTv>hFv%v?!vdvQGyvzvGv"v?Gyvqv"v+v?G:SvAvWv9Q*v?
yvzv}vGv}v(fv?G:SvAvWv9Q*v?yvzv=vJv(KGyvRQGfv+v?GyvOhy+?,<v}vGv}v(fv?Lv9Yv?<pvw

o
v{
q

IvZv(dGyvAv,
<vvAvvzvvr|vv#GCTvvAvv(*vv9JGyvvgvv9C+vv?yvvzvv}vvTvvAvv(*vv9JG svvz+}vv+vv?.G@vvOhdQsvv~(9vvvvv1)LvvOO$vvPg
GCW9v{.

Hvvvvv<J(KG !A9LGA+(GP

hEvvDvvzvvB<vv"vv(fvv_|vv#GCGvv9:JGvv9Hvv9:JGyvv=vvJvv(KGyvvOhy+?:vvv9yvvZvvJvv?GAvv+vv(G!vv+?
h@vvvjvvvP*vvv?GAvvv+vvv(GfhGyvvv(QGCvvv?GAvvv+vvv(G!vvv+?hHvvv9:J<vvvJvvv(KGC"vvv9_vvvuG *vvvwvvv(yvvv(Fvvv+vvv?:vvvv9C(GQO
Gygzq+?h!d~G !A9LGA+(GPhEOGQIGC(GQOGya=+g+?h;z+{GyT+9S9J.
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LvvvvvGy=J(KG}LQih$,:

1vvvvv<J(KGyj9<9J:h@AQvRf^GCG9:JG6@+?:

vvvvvEOGQIhY+9!?GC"9cQGya=+g+?hGy"d~G *w(y(F+?GAQGF+?.

vvvvvEOGQIGyj9<9JGya=+g+?h@tO*QGSAOG|A%9.

vvvvvY+9!?GyA"(YGy=+(y(F,hGC(GQOGy(QGC+?.

vvvvv@"}+?GSAMOGeGC"AG9JGAQGF+?<Ww{|TAOGe.

G@OhdQs~(9vvvvv1)
GCG9:JGyQF+T?yz=J(KGyRQGf+?yz}J9Y+{GyjPGF+?GyQF+T?
hpuLa

q
?GCG}(f?G:SAW9Q*?yz=J(KGyRQGf+?GyOhy+?yg9e1996

GCJZ(dH9:JGy=J(KhGyOQGS9J

G}QR

vvvv<J(KGCJ9pd?f^Gyj;dGyg9y+?.

vvvv<J(KGSA"=9W:}g9JF+"+?IT"?.

vvvv<J(K!d~RQGf?G}QRp,:GC+9gGyg}+t?hGyg9F}?hCQVGCQ@qg9J.

vvvv<J(K@"}+?G}QRGy%G_hGyAw9CQGy;F"T,.

vvvv<J(KGy%"OS?Gy"=9@+?G@O*OIh@tz+[GSAMOGeGyw+}+9F+9J.

vvvv<J(KG OGQIGCAw9|z?yz}JZ(d.

Gyt}K
vvvv<J(KG:SA}QGQp,GSA"=9WG}Y"9aGyg9y+?Gyjz?.

vvvv<J(KGCJ9pd?f^Gyj;dGyg9y+?.

vvvv<J(K|t9h|?G}|QGV<g}z+9JGyA%G_.

GyPQIGyZqQGA

vvvv<J(KI9:JEF%9OGy=+8?L9Y?G@q9ahG}|QGVhG6p9J.

vvvv<J(K!t[GCjP*9J(G}RhJhGyq(Sq(Qh|TA(*9JGCTAzR|9J).

vvvv<J(KG}Y"9aPGJGyAzt+KGya=+g,GCJTq#hGC%Gq#.

vvvv<J(KGyAa(QGyAw"(y(F,hG OGQIGCJT"?.

GyPQIGyQp+g?

vvvv<J(KG@q9ahG F%9OG I+9F,.

vvvv<J(K@(S+hGyt9fOIGy(QGC+?C(GOGyAQ<+?.

vvvv<vvJvv(KGSvvAvv"vv=vv9WCYvv"vv9aPGJCivvQGV|vvROhFvv?:vv}vvh<vv+#Gyvvjvv;dGCQ@vvqvvgvv?|vv#
GA>hGygzr.

vvvv<J(KG OGQIGCMqq?y5F%9OGA+(jhi+QGA+(jGC"9S=?yZj9QGCRGQf_.

*A=vvvvvvvvvvvvvvh
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@9<vvvvvvvvvvvvvvvh

GyWg+Q
vvvv<J(K@a(*QG !A9F+?.

vvvv<J(K|W9Qv?GCRGQf_p,@Q<+?G}Y"9aGC;F}?.

vvvv<J(KGyAjz>f^!t{GyAw"(y(F+9.

GA}[

vvvv<J(K|t9h|?G}Y"9aGCJz+?y5Y9<?<9}|QGVhG F%9OGy=+8,.

vvvv<J(K|t9h|?G}Y"9aGCJz+?yzGq9ahG6p9J.

vvvv<J(KEOGQIGCJZ(d.

GygOS

vvvv<J(KGSA"=9WG}Y"9asZ+QIpAQGJG !A9L.

vvvv<J(KGSA"=9WG}Y"9aGCAJ}z?yz=QO.

vvvv<J(K|t9h|?CY"9aGygOSy~|QGV.

vvvv<vvvJvvv(KGyvvv%vvv"vvvOSvvv?Gyvvv(QGCvvv+vvv?pvvv,|vvvgvvv9@vvv?G}\vvvQGQyvvvTvvv(Svvv?FvvvPhQGyvvv=vvvQSvvv+vvv~<vvvgvvvtvvvO
GygOS.

Gyq(dGyT(OGP

vvvv<J(KG}|QGVhG6p9JL9Y?Gyq+QhS+?hGyT}(eGyqaQ*?hGy(Qs+?.

vvvv<J(KfOeG:fA}9Of^G}|a9Q.

vvvv<J(KG!Mq9VLZ(<?GyAQ<?.

vvvvGy=J(KGCQ@=a?<zS9y+>GyRQGf?h@w"(y(F+9G !A9L.

vvvvGy=J(KGCQ@=a?<9SA"=9WG6:JGyRQGf+?GC"9S=?yz}RGQYGyZj+QI.

vvvv<J(KEvD9QG}Y"9aGyg9y+?G !A9L.

p(dGyZ(*9

vvvv<J(KGSA"=9WCY"9aPGJi;df9y+?.

vvvv<vvvJvvv(KGyvvvAvvvQvvvv+vvv>GCJvvvZvvv([6vvvOaGyvvvAvvv(Yvvv{E]@vvvtvvv"vvv+vvv9J|vvv;Fvvv}vvv?yvvvR*vvv9OIG !vvvAvvv9L
hGCJ9pd?fz+&.

vvvv<J(K|t9h|?G6p9JhG}|QGVh@zrGytQhf.

Gy=a9_9

vvvv<vvvJvvv(K@vvvavvv(*vvvQG}Yvvv"vvv9aPGJG !vvvAvvv9Fvvv+vvv?Gyvvvgvvv9y+?(40_vvv"vvv9
k

Lvvv;d4CVvvv%vvvQpvvv,
GyZJQGAG}pQ*t+?GCa+QI)hLq^GyAw9y+rGCQ@qg?.

vvvv<vvvJvvv(K|vvvtvvv9h|vvv?G6pvvv9JhG}|vvvQGVhGyvvvqvvv+vvvQhSvvv9J<vvv9SvvvAvvvMvvvOGeG OGQIGCAvvvwvvv9|vvvzvvv?
y7p9J.

GCZvvOQ:|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?(Gyvvvqvvv9h),OhQGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,G}|vv#GyvvjvvPGFvv,Gyvvgvv9C,
hGyA"}+?GyRQGf+?(Qh|9:Gyq9h,1995).

2vvvvv<vJv(KGC"v9$vHGCAvwv9|vzv?:h@vvWvv}vv{<vvJvv(KGC(GOGyvvgvv]vv(*vv?pvv,GyvvAvvQ<vv?,@vv5vvv{
GyvAvQ<v?,Gyvgv;sv9JGyv=v+v(yv(Fv+v?yvzvAvQ<v?,EOGQI|v+v9gGyvQjhG}QG\v,G@v9pv?,EOGQILvZv(<v?
GyAQ<?hIQv?Gyg"9YQGCjP*?hGyAQ<?GA9|]+?.
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5vvvvvE(*{Gy=J(KGyRQGf+?
@vvgvvAvv=vvQGyvvOhdGCAvvavv(QIhGyvvtvvavv9YGBvv9Upvv+vv%vv9C$vv~|vvZvv9OQEvv(*vv{Gyvv=vvJvv(KGyvvRQGfvv+vv?

fvv̂GCTvvAvv(iGyvvgvv9C,Ivv+vvEhYvvzvvB$vvPgG:SvvAvvDvv}vv9QGJGyvvAvv}vv(*vvz+?E]ChFvv%vv9pvv,fvvtvvOj
GyvvTvvAvv+"+qvv9JhGyvvTvv=vvgvv+"+qvv9Jh|vv9yvv=vvDvvBCfG!vvMvvqvv]vvBpvv,Gyvvgvvtvv(OGyvvAvv9y+?.pvvtvvOG!vvMvvqvv]vvB
G:yvvvAvvvRG|vvv9JGCAvvvgvvvOOIG}_vvvQGa<vvvvv50pvvv,GC8vvv?hGCTvvv9fvvvOGJGyvvvDvvv"vvv9Fvvv+vvv?<vvvvv20pvvv,GC8vvv?<vvv+#
f9|,1986h1993.G!dQG@OhdQs~(9vvvvv2)(14).

G@OhdQs~(9vvvvv2)
E(*{GCG}(f?G:SAW9Q*?GyOhy+?yz=J(KGyRQGf+?

L;dGyqAQI1972vvvvv1995

|ZOQGyA}(*{|z+(fOh:Q/GyT"?

1972/19751981/19851991/19941995

Gy(:*9JGCAJOIG}|Q*w+?18,369,057,439,1

Gy+9<9f0,913,331,936,0

ChQh<912,953,798,6109,0

OhdCLQi9,620,527,721,6

H}(YGyOhdGCAa(QI41,7156,5215,6205,7

Gy="xGyOh[6,728,941,248,2

GC|ST9JGyOhy+?22,84,36,26,4

|Z9OQE(*{CLQi10,154,550,656,1

GCG}(Y39,687,798,0110,7

GCG}(YGyw\81,3244,2313,6316,4

GCZvvvvvvvvvvvvvvvOQ:P.G. Pardey, J. Roseboom and N. M. Bientema, Investments in African Agricultural

Research, EPTD Discussion Paper; no. 14 (Washington, DC: International Food Policy Research

Institute (IFPRI), 1995).

h<vvv9yvvvQivvv~|vvv#CGvvv+vvv?Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?vvvv}vvv}vvv(dQFvvv+vvvUyvvvzvvv}vvvGvvv}vvv(fvvv?
G:SvvAvvWvv9Q*vv?GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv?E:Cf

q
|vv+vvRG!vv+?$vvPgGCGvv}vv(fvv?@vvAvvwvv(f|vv#Cfvv]vv9A

BLvvvQ*vvv#*vvv}vvvDvvvzvvv(fGyvvvWvvvQGvvvv?Gyvvvqvvvgvvvz+?,pvvv(pvvvtvvv9
k
yvvvzvvvGvvvOhdQsvvv~(9vvvvv2)hpvvv,fvvv9e1995

(14)FAO, Ibid.
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GSvvvvAvvvvDvvvv}vvvvQJGyvvvv(:*vvvv9JGCAvvvvJvvvvOIG}|vvvvQ*vvvvwvvvv+vvvv?40,5|vvvvz+(fOh:QCh0,56pvvvv,GC8vvvv?|vvvv#
|vvvvTvvvv9fvvvvOG7vvvv9GBvvvv9QFvvvv+vvvv?.h$vvvvPgGyvvvv"vvvvTvvvv=vvvv?@vvvvgvvvv9Od12,4pvvvv,GC8vvvv?|vvvv#|vvvv+vvvvRG!vvvv+?GCGvvvv}vvvv(fvvvv?
G:SvvAvvWvv9Q*vv?GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv?yvvzvvgvv9eGCPvvv(QGyvv=vv9yvvjvv?335,5|vvz+(fOh:Q.pvv,
Gyvvvgvvv9e!vvvqvvvTvvv&svvvOq|vvvBOhdGCGvvv}vvv(fvvv?G}hQh<vvv+?113,1|vvvz+(fOh:QCh34,9pvvv,GC8vvv?
|vv#|vv+vvRG!vv+?GCGvv}vv(fvv?G:SvvAvvWvv9Q*vv?GyvvOhy+?,pvv,Ivv_Svv9$vv~Gyvv=vv"vvxGyvvOh[<vvJvv(G]50
|vz+(!v9

k
,Cj15,2pv,GC8v?vv}v9Sv9GvBGy+9<v9f<vJv(G]37,3|vz+(fOh:Q,Cj11,4

p,GC8?(15).

vvvvPyvvvx;vvvAvvv9L!vvvdvvv~Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?Gyvvv(_vvv"vvv+vvv?(National Agricultural Research

Systems) (NARSs))pvvvv,GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?E]GyvvvvAvvvv}vvvv(*vvvv{Gyvvvv;Re:SvvvvAvvvv}vvvvQGQ$vvvv9pvvvv,EFvvvvQGA
Gyv=vJv(K!vdvQG

k
C9@v(GFv%v&|v#svZv(QVv9|v{pv,GC(GQOyvAv"vdv+v~|v+vRG!v+97v9hGC"vgvwvTv?Svzv=v9

k

fvv̂E!vvAvv9Fvv+vv?Gyvv=vv9IvvDvv_.h$vvPgIvv9dGyvvwvvDvv+vvQ|vv#GyvvOhdGyvvgvvQ<vv+?<vv}vv9pvv+vv%vv9Svv(Q*vv9,EP$vv"vv9c
GC8v9J|v#Gyvwv(GOQGyv=vJvDv+v?GC|$vzv?::vOEv(*v;

k
yv"vWv9_v97v9Gyv=vJvDv+v?,h<v9yvAv9[$v"v9c$vOQ

vvv=vv+vvQyvvzvvR|vv#:*vvtvv{fvv#3500vvvvv4000Svv9fvv?fvv}vv{*vv(|vv+vv9
k

(|vv#>vvzvv?Vvv%vv9OIGyvvOvvvAvv(QGg
ptb).

$vPG,h@vAvqv9hJ$vPgGyvWv=vwv9JGyv=vJvDv+v?GyvRQGfv+v?pv,GyvOhdGyv"v9|v+v?vvDv+vQG
k

|v#Iv+vE
fvOOGyv=v9IvDv_h|v(GQOGyvAv}v(*v{h|vOisvOQ7v9fv̂R*v9OIE!vAv9LG}ivP*v?.hQiv~hpvQIfvOO
Gyv=v9IvDv_pv,GyvwvDv+vQ|v#GyvOhdGyv"v9|v+v?hGyvgvQ<v+?E:C8v~:LvZvzv(ffv̂GyvAv}v(*v{Gyv;Re.
pvvvqvvv,fvvv9e1995@vvvZvvvQpvvvBVvvv=vvvwvvv9JGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?GyvvvtvvvavvvQ*vvv?pvvv,vvvv{

q
|vvv#Gyvvv=vvvzvvvOGf

GCAvav(QIhGyv"v9|v+v?<vvvv(48pv,GC8v?ypvw
o
v{
q

|v"v%v9)|v#|vZvQhpv9JGyv=vJv(KGyvgv9C+v?,pv,Iv_
@vvvZvvvQpvvvB|vvvQGvvvvRGyvvv=vvvJvvv(KGyvvvOhy+?<vvvvv4pvvv,GC8vvv?pvvvtvvvb|vvvhGyvvvgvvvzvvv~CfCvvvzvvvEfvvvzvvv}vvv9AGyvvvgvvv9D
GyvvvRQGfvvv+vvv_|vvv(Fvvv(O*vvv#pvvv,GyvvvOhdGCAvvvavvv(QIhGyvvvDvvvzvvvDvvv_pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?(16).|vvv#!vvv9Ivvv+vvv?
CLvQiG!vMvqv̂!vZv+v>Gyv=v9IvE|v#GCZvQhpv9JGyvqvgvz+?pv,GyvDv}v9!v+"v+qv9JvvDv+vQG

k
fv}v9vv9f

fvz+&pv,GyvTvAv+"+qv9JhGyvTv=vgv+"+qv9J,<vJv+vECYv=vJvBGyvwvDv9pv?Gyv=vJvDv+v?zGyv"vTv=v?<v+#Gyv"v9@vH
GCJvv\G =vv9[GyvvRQGfvv,h|vv9*vv"vvqvvu|vv"vv&fvv̂Gyvv=vvJvv(KGyvvRQGfvv+vv?0,5pvv,GC8vv?yChCsvv{

q
pvv,

|gd~GyOhdGygQ<+?p,I_@th$PgGy"T=?p,GyOhdGCAa(QI<+#2vvvvv4p,GC8?.

pvv,$vvPGGCGvv9d:<vvOq|vv#GyvvAvv"vv(*vv&<vv9yvvOhQGyvvPjsvv9eh|vv9RGd,*vvtvv(e<vv&Gyvvtvvavv9Y
GBvvv9Upvvv,GyvvvOhdGCAvvvavvv(QIpvvv,Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?,Lvvv9Yvvv?pvvv,GCGvvv9:JGyvvvAvvv9y+?:

(15)Philip G. Pardey, J. Roseboom and F. Shenggen, «Trends in Financing Asian Agricultural

Research,» (Draft, International Food Policy Research Institute (IFPRI), Washington, DC, 1996).

(16)FAO,Water Development for Food Security.
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G}Sv}vOI,GC=v+vOGJ,|v(GOGCwv9pvJv?,GyvZvJv?Gyv=v+vavQ*v?,GCwv"v"v?GyvRQGfv+v?,GyvZv"v9fv9J
GyvvvRQGfvvv+vvv?hGyvvvjvvvPGFvvv+vvv?,GyvvvAvvvJvvvTvvv_Gyvvv(QGCvvv,hivvv+vvvQ$vvv9.hEvvvDvvv{Ivvvtvvv(bGCzvvvwvvv+vvv?GC;Fvvv}vvv?

(Intellectual Property Rights)Fvv9!vv=vv9
k

$vv9|vv9
k

|vv#GSvvAvvDvv}vv9QGJGyvvtvvavv9YGBvv9Upvv,Gyvv=vvJvv(K
GyvvRQGfvv+vv?.pvvqvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?@vv(SvvgvvBIvvtvv(bGCzvvwvv+vv?yvvAvvWvv}vv{Gyvv"vv=vv9@vv9J
hGAvvvv+vvvv(G!vvvv9JIvvvvTvvvv=vvvv}vvvv9hQOpvvvv,G@vvvvqvvvv9svvvv+vvvv?Gyvvvvjvvvv9Jyvvvvgvvvv9e1994.h@vvvv=vvvvgvvvv9

k
yvvvvPyvvvvxGQ@vvvvqvvvvgvvvvB

G:SvAvDv}v9QGJGBv9Yv?yv%vPGGyvtvav9YGBv9Upv,Hv9[@vQ<v+?Gyv"v=v9JhGyvAvwv"v(yv(Fv+v9GAv+v(*v?
pvtvb|v#Csv{25|vz+(fOh:Qfv9e1960E]CvvDvQ|v#370|vz+(fOh:Qfv9e1994
h@vvvQ@vvv>fvvv̂PyvvvxG|vvvAvvv;c$vvvPGGyvvvtvvvavvv9YCvvvvDvvvQ|vvv#80pvvv,GC8vvv?|vvv#G}Yvvv"vvv9aGyvvv"vvv=vvv9@vvv+?
GAO*D?(17).

pvvv,$vvvPGGCGvvv9d,|vvv#GC%vvv~GyvvvAvvvQvvvv+vvvRfvvv̂GyvvvtvvvzvvvuGCAvvvRG*vvvOyvvvOiEOGQGJGyvvv=vvvJvvv(K
GyvvvRQGfvvv+vvv?hGyvvv=vvv9IvvvDvvv_pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?<vvvMvvvZvvv(UIvvvtvvv(b|vvvzvvvwvvv+vvv?GC(GQOGyvvv(QGCvvv+vvv?EP
SvvvAvvv|Oj$vvvPgGyvvvgvvv}vvvz+?E]<vvvbA!vvvtvvv{CYvvv"vvv9aGCJvvv9Yvvv+vvv{GCJvvvTvvv"vvv?hGyvvvTvvv;:JGAvvv+vvv(G!vvv+?
G@v+vOIE]GyvOhdGyv"v9|v+v?,Lv9Yv?Gyvqvtv+vQI|v"v%v9,ChfvOe!vtvzv%v9vvz+?yv%v9!vdvQG

k
yvgvOesvOQI

$vvPgGyvvOhdfvv̂VvvQGAGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?G@vvO*vvOI|vv#!vv9Ivv+vv?,ChyvvgvvOe:vv9hH$vvPg
GyvvOhdSvv+vv9Svv+vv9

k
hGsvvAvvZvv9O*vv9

k
|vvhGyvvOhdGC9yvvwvv?yvv%vvPgGC(GQOGyvv(QGCvv+vv?(Gyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?),

vvvv}vvv9$vvv(GAvvv9dyvvv=vvvgvvv̂GyvvvOhdGyvvvgvvvQ<vvv+?GCqvvvQhVfvvvz+%vvv9IvvvZvvv9QGsvvvAvvvZvvv9Oj,|vvv#Fvvv%vvv?
CLvQi.yvtvO!v(svWvB$vPgGyv"vtvav?pv,GC|EvQGyvOh[Gyvqv"v,GyvQG<vhyvzv}v(GQOGyv(QGCv+v?Gyv"v=v9@v+?
GC"vvdvv~|vv#svv=vv{|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?fvv9e1996pvv,|vvO*vv"vv?:*vv=vvR*vvk<vvzC9!vv+9
h@(Y{GCGA}g(fE]sOQv=+Q|#G:@q9bI(d|g9@?$PGGytzu|TAt=;

k
.

6vvvvvf9FOGJGy=J(KGyRQGf+?
yvvtvvOCOJfvv}vvz+9J;vvTvv_Gyvv=vvJvv(KGyvvRQGfvv+vv?GAvvtvvz+?@vv=vv9*vv"vv9

k
OQG|vv9@vv+wvv+vv9

k
pvv,vvv}vv+vv9J

h!vv(fvv+vv?GyvvjvvPGAGCtvvOeyvvzvv}vvGvvAvv}vvhGyvvOh[.pvvzvvtvvOIvvTqvv"vvBIvv9Yvv+vv{Gyvvtvv}vvKhG}QRhGyvv=vvavv9_vv9
hGyvv=vvtvv(y+9JhGyvvwvv9Svv9pvv9hGyvvPQIhivv+vvQ$vv9|vv#GCJvv9Yvv+vv{fvv=vvQFvv%vv(OGyvv=vv9IvvDvv_hpvv,Hvv9:J
|vAvgvOOI.vv}v9_v(qQJ$vPgGyv=vJv(KC!v(Gfv9

k
hSv;:JPGJE!vAv9Fv+v?fv9y+?hCfvavBE!vAv9Fv9

k

hpvvv+vvvQG
k

hCvvvv=vvvQ|vvv#GCTvvv9Ivvv9JGCRQhfvvv?!vvvqvvvTvvv%vvv9h<vvv}vvvtvvv9h|vvv?Cvvvv=vvvQyvvv~|vvvQGVhGAvvvWvvvQGJ
hG@vqv9ahGCJvOOGJG}LvQi.hsvO@v~q@v"vqv+vP|vgvdv~G}<vJv9KGCPvv(QILv9QLGyv(:*v9J
GCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?hE!vvv}vvv9<vvv9SvvvAvvvDvvv}vvv9QGJOGpvvvgvvv,Gyvvv]vvvQGFvvv>G}|vvvQ*vvvwvvv+vvv_fvvv=vvvQGyvvv(vvvv9yvvv?
G}|vvvQ*vvvwvvv+vvv?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvOhy+?(US Agency for International Development)h|vvvTvvv9GvvvAvvv%vvv9

(17)K. Fuglie, C. Klotz and M. Gill, «Graphically Speaking: Intellectual Property Rights

Encourage Private Investment in Plant Breeding,» Choices, 1st quarter (1996).
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GC9O*vv?yvvzvv}vvGvv}vv(fvv?G:SvvAvvWvv9Q*vv?GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv?(CGIAR)GyvvAvv,@vvWvvQafvv̂
Vvv=vvwvv?|vv#|vvQGvvvRGyvv=vvJvv(KGyvvRQGfvv+vv?GyvvOhy+?Svv=vvuCf;vvOCvv"vv9fvv"vv%vv9pvv,GyvvqvvtvvQI(9vvvvv2).
yvvvtvvvOvvvv9!vvvBGyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?GyvvvQG<vvvKG}hd|vvv#fvvv}vvvz+9JEvvv(*vvv{Gyvvv=vvvJvvv(K
GyvvRQGfvv+vv?GyvvOhy+?FvvDvvzvv?<vv9CGvv}vv(fvv?G:SvvAvvWvv9Q*vv?GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv?.h!vvdvvQG

k
}Gvv+vv?

GC(\(YpT"=JE$PgGy"ta?<9yAqZ+{.

Cvvvvvfvv9FvvOGJGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?!vvAvv+vvGvv?
|T9GA%9p,E(*{GCG}(f?G:SAW9Q*?GyOhy+?yz=J(KGyRQGf+?

yvtvO<v+q#Gyv=v9IvE<v9QOj(Pardey)hBLvQhffv9e1995<vzf
q

GSvAvDv}v9QGJGyv(:*v9J
GCAvvvvvJvvvvvOIG}|vvvvvQ*vvvvvwvvvvv+vvvvv?pvvvvv,<vvvvvJvvvvv(KGyvvvvvtvvvvv}vvvvvKhGyvvvvvPQIsvvvvvOfvvvvv9OJC\vvvvvgvvvvv9pvvvvv9

k
|vvvvv]vvvvv9fvvvvvqvvvvv?

yvvvzvvv}vvvRGQfvvv_G}|vvvQ*vvvwvvv+vvv_.yvvvtvvvOfvvv9OE=vvv9[G:SvvvAvvvDvvv}vvv9QGJGC(cvvvqvvv?yvvv%vvvP*vvv#GCJvvvZvvv(y+#
Gyv=v9yvjv?134|vz+(fOh:QGCtvO|v?E]GCQvvRGyvOh[yvAvJvTv_Gyvtv}vKhGyvPQI<v9CwvTv+vx

(International Maize and Wheat Improvement Center (CIMMYT))h|vvvvvvgvvvvvv%vvvvvvO<vvvvvvJvvvvvv(K
G}QRGyvvvOh[(International Rice Research Center (IRRI))pvvv,Gyvvvqvvvz+=vvv_fvvv̂G:svvvAvvvZvvv9O
G}|Q*w,<J(G]14,7|z+9QOh:Q(18).

|vvv#Fvvv%vvv?CLvvvQi,_
o
vvv(qQJ|vvvgvvvdvvv~CYvvv"vvv9aGyvvvtvvv}vvvKhG}QRpvvv,Gyvvv(:*vvv9JGCAvvvJvvvOI

G}|vvQ*vvwvv+vv?fvv=vvQ<vvJvv(K;vvTvv_GCJvv9Yvv+vv{.pvv,$vvPGGAvvtvv{GLvvAvv9QGyvv=vv9IvvDvv(f!vv=vv9@vv9J|vvgvv+"?
PGJYvqv9J|vQiv(<v?yvOiGCRGQfv_hCfvOqhG_vQb@vQ<v+?yv%v9EvAvO|v#GyvavQbGyvwv;Sv+vwv+v?
E]_vvQbGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?yvvAvvavv(*vvQG}Yvv"vv9aG@vvO*vvOI<vv9yvvAvvQvvv+vv=vv9JGCMvvAvvzvvqvv?yvvzvvTvv}vv9J
GCQivv(<vv?Fvv9COiE]GAvvZvv(dfvv̂!vv=vv9@vv9J<vv"vv(fvv+vv?fvv9y+?Lvv9Yvv?pvv,IvvAvv(G$vv9|vv#Gyvv=vvQh@vv+#
hIG~GA=?hVwz%9<9 \9p?E]Gyq(GFOGygO*OIGyA9y+?:

vvvvvivvv;dfvvv9y+?Evvvw
q
vvv#GCRGQfvvv_|vvv#GAvvvZvvv(dfvvv̂E!vvvAvvv9LCvvvvDvvvQ|vvv#!vvvqvvvUGCTvvv9Ivvv?

GCRQhf?.

vvvvvE!vAv9Fv+v?fv9y+?<vJv+vE@vTv}vKyvzv}vRGQfv_E!vAv9LGyvwv}v+v?!vqvTv%v9hyvwv#<vAvwv9y+rCsv{
|TAMO|_|(GQO_=+g+?h|OL;JCLQi<"T>Cs{.

vvvvv|vvtvv9h|vv?yvv7pvv9JhG}|vvQGV<vvJvv+vvE@vv"vvtvvPGCJvv9Yvv+vv{|vv#G}Lvvavv9Qh@vvtvvz
q
vv[|vv#

CLa9QGyw+}+9F+9Jf^Gy=+8?.

(18)Philip G. Pardey, J. Roseboom and N. M. Bientema, Investments in African Agricultural

Research, EPTD Discussion Paper; no. 14 (Washington, DC: International Food Policy Research

Institute (IFPRI), 1995).
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vvvvv|vtv9h|v?yvzvGvqv9ahyvzv=vQhOIhGAv9:JGyvZvgv=v?G}LvQi<vJv+vE@vTv}vKyvzv}vJv9Yv+v{
<9y"}(p,|OihGSh|#Gy=+89JGCMAzq?.

vvvvv|vv(GSvv~!vv}vv(svvZvv+vvQI<vvJvv+vvE@vvTvv}vvKyvvzvv}vvRGQfvv_GLvvAvv+vv9Q|vv(Gfvv+vvOGyvvRQGfvv?G}vvvDvvQ
|;A|?hGSAG9<A%9yAtz=9JGC"9N(19).

Ef
q

G:SvvvvvAvvvvvMvvvvvOGeGyvvvvv(GSvvvvvh}Yvvvvv"vvvvv9aG}svvvvv}vvvvv9MhG}QRGCavvvvv(qQIfvvvvv=vvvvvQ(CIMMYT)

h(IRRI)|vvvv#svvvv=vvvv{GCRGQfvvvv_G}|vvvvQ*vvvvwvvvv+vvvv_COiE]pvvvv(GFvvvvOvvvvv=vvvv+vvvvQIFvvvv"vvvv9$vvvv9GCTvvvvAvvvv%vvvvzvvvvwvvvv(f
G}|vvvQ*vvvwvvv+vvv(fh@vvvAvvv}vvvDvvv{<vvvQLvvv[GC"vvvAvvvGvvv9Jh;vvvTvvv_!vvv(fvvv+vvvAvvv%vvv9.vvvv}vvv9GSvvvAvvvqvvv9OJGyvvvRQGfvvv?
G}|vQ*vwv+v?|v#GyvAv=v"v,Gyv(GSvhyvzvAvtv"v+v9JGyvAv,RGOJGyvjv;d|v#Fv%v?hLvqv]vBGyvAvwv9y+r
G !vvAvv9Fvv+vv?|vv#Fvv%vv?Cvv9!vv+?.hpvv(bPyvvxFvv"vv)G:svvAvvZvv9OG}|vvQ*vvwvv,|vvwvv9pvv5JfvvO*vvOI|vv#
GSAD}9QGJG}|?p,Gy=J(KGyRQGf+?GyOhy+?.

yvvvtvvvO@vvv~qsvvv+vvv9S!vvvTvvv=vvv?hG|vvvAvvvOGO@vvv=vvv"vvv,GCRGQfvvv_G}|vvvQ*vvvwvvv+vvv_Lvvv;dGyvvvqvvvAvvvQI1970vvvvv
1993$vvPgG}Yvv"vv9aG@vvO*vvOIvvv}vv9svvOQJGyvvtvv+vv}vv?G:svvAvvZvv9O*vv?yvv5!vvAvv9Fvv+vv?GCJvvTvv"vv?yvv%vv9.

hCLvv+vvQG
k

E
q
vvB|vvtvv9Q!vv?$vvPgGyvvqvv(GFvvOG:svvAvvZvv9O*vv?Gyvv(GpvvOIvvv"vvWvv9Wyvvzvv}vvGvv}vv(fvv?G:SvvAvvWvv9Q*vv?

GyvvOhy+?yvvzvv=vvJvv(KGyvvRQGfvv+vv?|vvhGyvvAvvwvv9y+rGC"vv9Svv=vv?.$vvPGG}Svvzvv(Hpvv,GyvvAvvtvvO*vvQhFvvO<vvzf
q

G:svvAvvZvv9OG}|vvQ*vvwvv,svvOIvvtvvuQ<vvJvv9
k
*vvtvvh<vv+#3,4|vvz+9QOh:QvvvJvvOCO!vv)h13,7|vvz+9Q

Oh:QvvvJvvOCfvv̂|vv#GSvvAvvgvv}vv9dCYvv"vv9aGyvvtvv}vvKhG}QRGCJvvTvv"vv?hGCavv(qQILvv;dGyvvqvvAvvQI
1970vvvvv1993vvvvvv}vvvvv9$vvvvv(|vvvvv(\vvvvvKpvvvvv,G@vvvvvOhdQsvvvvv~(9vvvvv3).hIvvvvv+vvvvvEEf

q
GAvvvvvwvvvvv(|vvvvv?

G}|vQ*vwv+v?svO|vOqJGCGv}v(fv?GCPvv(QI<vzsv{|v#71|vz+(fOh:QyvAvJvTv#<vJv(KGyvtv}vK
|vv"vvPfvv9e1960hIvvAqvv)GyvvAvv9Q*vvNGCPvvv(Qpvv{f

q
GSvvAvvDvv}vv9QGJGAvvwvv(|vv?G}|vvQ*vvwvv+vv?@vvwvv(fsvvO

<vvzvvjvvBSvv"vvAnvv_rypvvw
o
vv{
q

100Oh:Q|vv#Gyvvtvv}vvKGC"vvAvvH,h$vvPG*vvgvv"vv,pvv,GyvvAvvJvvz+{G:svvAvvZvv9Oj
!T=?f(GFOGCWQhYG:SAD}9QjyAw9y+q&h$,v"T=?190:1@tQ*=9

k
.

hpvv,GyvvqvvAvvQIGCOQhSvv?!vvqvvTvv%vv9(23Svv"vv?)IvvtvvuG:svvAvvZvv9OG}|vvQ*vvwvv,|vv#30|vvz+(f
Oh:QvvvvJvvvOCO!vvv)hIvvvAqvvv)1000|vvvz+(fOh:QvvvvJvvvOCfvvv̂fvvv=vvvQGSvvvAvvvMvvvOG|vvv9JCYvvv"vvv9a
G}QRGCJvvvvTvvvv"vvvv?GyvvvvAvvvv,ChFvvvvO$vvvv9|vvvvgvvvv%vvvvO<vvvvJvvvv(KG}QRGyvvvvgvvvv9C,(IRRI)pvvvv,Ivvvv_D@vvvvOpvvvvh
GAvvvwvvv(|vvv?G}|vvvQ*vvvwvvv+vvv?yvvv%vvvPGGCQvvvvRC*vvv]vvv9

k
Svvv(i63|vvvz+(fOh:Q.h$vvvPG*vvvgvvv"vvv,C*vvv]vvv9

k
pvvv,

GyvvvAvvvJvvvz+{G:svvvAvvvZvvv9OjCf
q

vvvv{
q

9Svvv"vvvAvvv9JC|vvvQ*vvvwvvv+vvv?CfvvvavvvB100Oh:Q|vvv#E!vvvAvvv9LG}QR
h<vv9yvvAvv9[@vvwvv(fGAvvwvv(|vv?G}|vvQ*vvwvv+vv?svvOIvvtvvtvvB!vvTvv=vv?fvv(GFvvOyvvzvvAvvwvv9y+r|vv#|vvTvv9GvvAvv%vv9pvv,
<J(K$PGGCg%Ov"T=?1:17@tQ*=9

k
.

(19)GCZOQ!qT&.
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G@OhdQs~(9vvvvv3)
|"9phh@w9y+r<J(KGyt}KhG}QRGB9Y?<9CG}(f?G:SAW9Q*?GyOhy+?

yz=J(KGyRQGf+?(|z+(fOh:Q)
GC"9phhGyAw9y+rGyt}KG}QR

Gyt+}?GA9y+?yz}"9ph(*)136531042

Gyt+}?GA9y+?yzAw9y+r7163

!T=?GC"9ph/GyAw9y+r190:117:1

|;Id?:(*)ytOIT=BGC"9phGB9Y?<9yqAQI1970vvvvv1993IT>Gyt+~GA9y+?.
GCZOQ:GCZOQ!qT&.

Hvvvvvf9FOGJGy=J(KGyRQGf+?p,GyOhdG}LQi

yvvtvvOsvvOQJfvv9FvvOGJGyvv=vvJvv(KGyvvRQGfvv+vv?fvv9C+vv9
k

|vv#svv=vv{GyvvgvvO*vvO|vv#Gyvv=vv9IvvDvv_pvv,
GyvvTvv"vv(GJG}Lvv+vvQIIvv+vvE@vvQGhIvvB$vvPgGyvvgvv9FvvOGJ<vv+#20vvvvv190pvv,GC8vv?pvv,GyvvOhd
Gyvvv"vvv9|vvv+vvv?,hCvvvvDvvvQ|vvv#Pyvvvx<vvvwvvvDvvv+vvvQpvvv,Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?(190pvvv,GC8vvv?
yvv=vvJvv(KGyvvPQIpvv,C|vvQ*vvwvv9G@vv"vv(<vv+?hE]78vvvvv91pvv,GC8vv?pvv,GCwvvTvv+vvxh60vvvvv65

pvv,GC8vv?yvv~QRpvv,Gyvv%vv"vvOhE!vvOh!vv+Tvv+vv9hyvvzvvtvv}vvKCvvvDvvQ|vv#50pvv,GC8vv?)(20).<vvTvv%vv(yvv?
*vv}vvwvv#Gyvvtvv(dEfG}Q<vv9MGyvv(GpvvOI|vv#Gyvv=vvJvv(KGyvvRQGfvv+vv?Cfvv̂<vvwvvDvv+vvQ|vv#@vvwvv9y+r$vvPg
Gy=J(K.

pvv,Gyvv(_vv#GyvvgvvQN|vv9RGyvvBGCgvvzvv(|vv9JhGyvv=vv+vv9!vv9JGBvv9Yvv?<vv9yvvAvvtvv+vv+vv~G:svvAvvZvv9Oj
yvzv=vJv(KGyvRQGfv+v?IvOhOICh|vgvOh|v?Qiv~\vMv9|v?$vPgGyv=vJv(Kpv,<vgv̂GyvOhd

GyvgvQ<v+?vvGv}v%v(Q*v?|vZvQGyvgvQ<v+?GyvAv,GIvAvzvB|vQvvRG
k

|vAvtvO|v9
k

pv,iv;dG}QR6vvvvv8

z_vv#/$vvvvyhG}svv}vv9MGCQh*vv?(4vvvvv5_vv#/$vvvvvv),E:C!vv&*vv}vvwvv"vv"vv9G:SvvAvvqvv9OI|vv#<vv+9!vv9J

Fvv9Cvvzvv?svvOqQ$vv9GCQvvvRGyvvOh[yvvzvv=vvJvv(KGyvvRQGfvv+vv?<vv9C"vv9_vvuG@vv9pvv?zE*vvwvv9QOGypvv,Svv(Q*vv9
|vvvqvvv9O$vvv9Cf|vvvAvvv(SvvvbGyvvvR*vvv9OIGyvvvTvvv"vvv(*vvv?pvvv,GyvvvOLvvv{Gyvvvtvvv(|vvv,!vvvAvvv+vvvGvvv?GSvvvAvvvMvvvOGeGAvvvR|vvv?
GyvAvwv"v(yv(Fv+v?fv̂IvZv(dGyvtv}vKpv,Sv(Q*v?svO<vzvk22,695|vz+9Qd.S,Cj|v9

(20)C. Bonte-Friedheim, S. R. Tabor and J. Roseboom, «Financing National Agricultural

Research: The Challenge Ahead,» (Briefing Paper; no. 11, International Service for National

Agricultural Research (ISNAR), 1994).
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*vvgvv9Od2,121|vvz+(f_vv#|vv#Gyvvtvv}vvK,h@vv(RfvvB$vvPgGyvvR*vv9OIfvv̂|vvwvv(!vv9JGAvvR|vv?
GyAw"(y(F+?v"T>|8(*?v9yA9[:

G}Y"9a:32,2p,GC8?G OGQI:23,3p,GC8?

GyQj:26,5p,GC8?GyAT}+O:18,0p,GC8?.

fvzv}v9
k
<vzf$vPgGyvR*v9OIsvOFv9AJ|v#|vTv9Iv9J|vQh*v?vvz+?h|vTv9Iv9J|vQh*v?@vwv}v+vz+9

k

h|v#|v"vavtvAv,G:SvAvtvQGQG}h]hGyvDv9!v+?(21).|v#Fv%v?CLvQi<v+#QhRivQG!vB(Rosegrant)

hBLQhff9e1995CCQGy=J(KGyRQGf+?f^JAzr||VQGJG}|#GyjPGF,pt9d:

zEPGIv9hdGC}v(yv(fGyvOhy+(fEyvjv9AEv(*vzv%v~Gyv=vJv(KGyvRQGfv+v?GyvOhy+?hG svz+}v+v?
hGyvvv(_vvv"vvv+vvv?pvvvTvvv(a*vvvAvvv"vvv9svvv[E!vvvAvvv9LGyvvvgvvv9D|vvv#Ivvv=vvv(HGyvvvjvvvPGA<vvvvvv10pvvv,GC8vvv?fvvv̂G}svvv{
hSv(a*vROGOfvOOG}_vqv9dGCZv9<v+#<v"vtv[GyvjvPGA<vvvv50|vz+(fpvQOpv,GyvOhdGyv"v9|v+v?.
pvvv,Ivvv_EPGRGOGC}vvv(yvvv(fGyvvvOhy+(fIvvvGvvv~Evvv(*vvvzvvv%vvv~<vvv"vvvTvvv=vvv?50pvvv,GC8vvv?pvvvTvvv(a*vvvROGO
E!vAv9LIv=v(HGyvjvPGA<v"vTv=v?40pv,GC8v?@vtvQ*v=v9

k
hSv+"Mvqv̂fvOOG}_vqv9dGCZv9<v+#<v"vtv[

GyAjP*?E]46|z+(f_q{@tQ*=9
k
y(22).

hhpvtv9
k

CgvO:JGyv"v}v(GyvTvwv9PGAv9[Sv(a@v"vMvqv̂JvZvZv9JGyvqvQO|v#GCTv9Iv?
GCRQhfvvvv?pvvvv,GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?(BSvvvv+vvvv9|vvvvDvvvv;

k
)|vvvv#0,15E]0,09$vvvvwvvvvAvvvv9Qfvvvv9e2025,

h@vvv"vvvavvv=vvvu$vvvPgGCgvvvO:Jfvvv̂Svvvwvvv9fGyvvv(_vvv#GyvvvgvvvQNC*vvv]vvv9
k(23).pvvv{PGC\vvv+vvvrE]Pyvvvx

Gyvv]vvjvv(WGCAvvRG*vvOIfvv̂GSvvAvvMvvOG|vv9JGC+vv9g,Ivv+vvE*vvP$vv>CvvvDvvQ|vv#70pvv,GC8vv?|vv#GC+vv9g
GyvvvgvvvP<vvv?yvvvzvvvQjGyvvvRQGfvvv,hFvvvRAvvvv=vvv+vvvQ|vvv"vvv%vvv9*vvvAvvvzvvv(K,h:@vvvAvvv(pvvvQ|vvvgvvvzvvv(|vvv9JCvvvv+vvvOIfvvv#
G:SvvvAvvvMvvvOG|vvv9JGyvvvQVvvv+vvvOIyvvv%vvvPgGC+vvv9g|vvv9COi,h*vvv|Oj,E]@vvv=vvvzvvv(QGyvvvWvvvwvvv(cGCJvvv+vvvavvv?
<9:SAMOG|9JGyqg9y?yw;|(QOjG}QVhGC+9g.

pvv,Ivv9dGfvvAvv}vv9OGyvvjvv;dvvv%vvOaCSvv9Svv,yvvzvv=vvJvv(KGyvvRQGfvv+vv?(h$vv(GCAvv(svvh)hEPG
@vvgvv%vvOGC}vv(yvv(fGyvvOhy+(f<vv9SvvAvv}vvQGQ@vv(pvv+vvQG}|vv(GdCDvv{$vvPgGyvv=vvJvv(Kpvv+vvqvv]vv{Gyvv"vvdvvQpvv,
Gy=OGF{G}Q<g?GyA9y+? !G9RGy=J(KGyRQGf+?:

(21)C>vO|vR*vO,Gyvtvav9YGyvRQGfv,pv,G@v}v%v(Q*v?GyvgvQ<v+?GyvTv(Q*v?(Ivzv>:GCQvvRGyvOh[yvzv=vJv(KGyvRQGfv+v?
<9C"9_uG@9p?(G:*w9QOG),1997).

(22)M. Rosegrant, M. C. Agcaoili and N. Perez, Global Food Projections to 2020: Implications

for Investment, Discussion Paper; no. 5 (Washington, DC: International Food Policy Research Institute

(IFPRI), 1995).

(23)CGIAR/TAC, «Perspectives on Policy and Management Research in the CGIAR».
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1vvvvvEFvvvQGAGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?pvvv,GC"vvv9_vvvuPGJG |vvvwvvv9!vvv+9JGyvvvgvvv9y+?yvvv"vvvGvvv9M$vvvPg
Gy=J(Kh<9yA9[;t+uGyR*9OIp,G !A9F+?(G}QG\,GBZ=?hGCQh*?|D;

k
).

2vvvvvEFvvQGAGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,GC"vv9_vvuPGJG |vvwvv9!vv+9JGyvvgvv9y+?|vvhG!vvMvvqvv9V
GIvvAvv}vv9d!vvGvv9MGyvv=vvJvv(K(G}QG\vv,GCTvvAvvjvvzvv?@vvwvvDvv+vvqvv9

k
hGCTvvAvvMvvO|vv?yvv~Yvv"vv9aGyvvgvv9y+?Gyvvjvvzvv?

hCTAzR|9JG !A9LGy(p+QI).

3vvvvvEFvvvQGAGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?pvvv,GC"vvv9_vvvuPGJG |vvvwvvv9!vvv+9JGC"vvvMvvvqvvv]vvv?E:C8vvv9
@"](jf^GIA}9:JF+OIy"G9MGy=J(K.

4vvvvvEFvvQGAGyvv=vvJvv(Kpvv,GC"vv9_vvuPGJG |vvwvv9!vv+9JGC"vvMvvqvv]vv?|vvh\vvgvvrG:IvvAvv}vv9d
<9AZ(df^R*9OIv=+QIp,G !A9F+?zG}QG\,G@9p?hGyt9Iz?y.

7vvvvvGSAQG@+G+?Gy=J(KGyRQGf+?GygQ<+?
*vvgvvAvv=vvQ|vv(\vv(YGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,Gyvv(_vv#GyvvgvvQN|vv#GC(G\vv+vvhGyvv%vv9|vv?GyvvAvv,D

@vvgvv9yvvH<vvgvvOCSvv(I<vvjvv+vvQ$vv9|vv#GC(\vv(fvv9JG:SvvAvvQG@vv+Gvv+vv?.pvv]vvgvvrGyvv%vv+vv9vvv{GC|SvvTvv+vv?
GCgvv"vv+vv?<vv9yvvRQGfvv?hGyvvQjh@vvgvvOO$vv9\vv}vv#GyvvOhyvv?Gyvv(GIvvOIG!vvgvvwvvU<vvWvvwvv{@vvzvvtvv9Fvv,fvv̂
Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?GyvvvAvvv,@vvvWvvvQafvvvz+%vvv9h@vvvtvvv(e6vvv9Fvvv%vvv9J|vvvAvvvgvvvOOIpvvv,vvvv{

q
svvvavvvQ.h|vvvh

GSvvvAvvvDvvv"vvv9AGC"vvvdvvv}vvv?GyvvvgvvvQ<vvv+?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?hGCQvvvvRGyvvvgvvvQNyvvvOQGSvvv9JGC"vvv9_vvvuG@vvv9pvvv?
hG}QG\v,Gyvtv9Ivzv?(CvvTv9O)GyvzvP*v#*vtv(|v9f<v{FvQGAOQGSv9Jsv(|v+v?hsvavQ*v?yvzv}vWvwv;J
GyvvRQGfvv+vv?|vv#Gyvv"vv(GIvv,Gyvvqvv"vv+vv?hG:svvAvvZvv9O*vv?,pvv;@vv(FvvO|vv"vvdvv}vv?fvvQ<vv+?pvvgvvz+?@vvWvvQafvv̂
Gyvv=vvJvv(KGyvvRQGfvv+vv?GC+vvOG!vv+?@vvgvv}vv{\vv}vv#GSvvAvvQG@vv+Gvv+vv?<vvJvvDvv+vv?RQGfvv+vv?IvvOOI<vvOeGyvv(_vv#
GygQN<w(!&hIOIFjQGp+?|Aw9|z?.

hEPGvvv9!vvBGyvv=vvJvv(KGyvvRQGfvv+vv?fvv̂GCTvvAvv(iGyvvtvvavvQjsvvOSvv9QJ<vvWvvwvv{Fvv+vvOpvv,
<vvgvv̂GyvvOhdGyvvgvvQ<vv+?,vvv}vvZvvQ,E:C8vv9<vv(\vvgvv%vv9GyvvQG$vv#@vvAvvWvv9<vv&vvvDvv+vvQG

k
pvv,=vv+vvhGyvvOhd

GygQ<+?<9yT}9JG}S9S+?GyA9y+?:

1vvvvv@vgvOOG@v%v9JGyvgv9|vzv?pv,Gyv=vJv(KGyvRQGfv+v?:pvqv,Sv(Q*v?|vDv;
k

Ev9QSGyv"vWv9W
Gyv=vJvDv,vv{|v#hRGQGJGyvRQGfv?hG Yv;MGyvRQGfv,hGyvQjhGyvAvgvz+~Gyvgv9[hG:svAvZv9O
hGyvAvGv9QIGBv9QFv+v?hGyvZv"v9fv?hGyvOpv9Y.vv}v9Ev9QS|vO*vQ*v9JG}QG\v,hGyvDvQhIGAv+v(G!v+?
hGyvvQjhGyvv=vv9O*vv?h|vvwvv9@vv>GyvvR*vvAvv(fhGAvv}vv]vv+vv9JE\vv9pvv?E]|vvO*vvQ*vv9JGyvv=vvJvv(KGyvvgvvzvv}vv+vv?
GyvvRQGfvv+vv?pvv,hRGQIGyvvRQGfvv?hG Yvv;MGyvvRQGfvv,!vvWvv9_vv9J<vvJvvDvv+vv?RQGfvv+vv?pvv,Hvv9:7vv9
GyvAvMvZvZv+v?.Ef$vPGGyv(\vhCOiE]@vWvAvBGyvwvqv9AGJGyvgvzv}v+v?GCAv9Iv?hE]@vwvQGQGyvgvO*vO
|#G}<J9K.
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2vvvvvGyvv"vvtvv[GAvv9Oqpvv,Gyvvgvv"vv9YvvQGyvvgvvzvv}vv+vv?GC|$vvzvv?:pvvqvv,hRGQIGyvvRQGfvv?hG Yvv;M
GyvvvRQGfvvv,GyvvvTvvv(Q*vvv?$vvv"vvv9c95pvvvQOG

k
|vvv#>vvvzvvv?GyvvvOvvvvAvvv(QGgGyvvvRQGfvvv+vvv?h21pvvvQOG

k
|vvv#>vvvzvvv?

GyvvOvvvAvv(QGgGyvv=vv+vvavvQ*vv?h56pvvQOG
k

|vv#>vvzvv?GC9FvvTvvAvv+vvQ,fvvzvv}vv9
k
<vvzf$vv"vv9cpvvQhfvv9

k
RQGfvv+vv?:

*vv(FvvOpvv+vv%vv9|vvAvvMvvZvvZvv(fE_vv;svv9
k

vvv9 QVvv9OGyvvRQGfvv,hGyvvAvv"vv}vv+vv?GyvvQ*vvqvv+vv?h@vvQ<vv+?Gyvv"vv=vv9J
h@vvjvvP*vvAvv&h|vvtvv9h|vv?G}|vvQGVhG6pvv9J(24).fvv̂|vvTvvAvv(ivvvz+9JGyvvRQGfvv?$vv"vv9cCfvvOGO:
<vvzS6vv9|vv#G:LvvAvvZvv9Yvv9JE:Cf90vvvvv95pvv,GC8vv?|vv"vv%vv9:Evv9QSGyvv"vvWvv9WGyvv=vvJvvDvv,
GyvvvRQGfvvv,}Svvv=vvv9HCGvvv%vvv9fvvvOe@vvv(pvvvQG:fvvvAvvv}vvv9OGJGC9y+?,hEf@vvv(pvvvQJpvvvavvvQbYvvvQpvvv%vvv9
L9\g? FQGAGJ|9y+?Qh@+"+?|gtOI.

3vvvvv\vvvgvvvrhSvvv9Fvvv{Gyvvv=vvvJvvvEhfvvvOevvvvqvvv9*vvvAvvv%vvv9hSvvvbGyvvvAvvvavvv(QGyvvv%vvv9Fvvv{yvvvzvvvAvvvtvvv"vvv+vvv9J
GCTvvvAvvvMvvvO|vvv?pvvv,Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?zCFvvv%vvvRI,Jvvv9<vvvQ,hSvvv9Fvvv{G@vvvZvvv9dh|vvvgvvvzvvv(|vvv9@vvv+?,
I9S=9JEywAQh!+?hS9Fb!t{,@(C+uRQGf,,G}QG\,Gy;R|?yz=J(K...EyN.

4vvvvv\vvgvvr|vvTvvAvv(iGyvvAvvgvv9hfhGyvvAvv"vvTvv+vvupvv,Hvv9dGyvv=vvJvv(KGyvvRQGfvv+vv?<vvTvv=vv>fvvOe
hFv(OFv%v?|v(IqvOIyvzv=vJv(KGyvRQGfv+v?:fv̂|vTvAv(iCFv%vRIhRGQIGyvRQGfv?hG Yv;M
GyvvRQGfvv,h:fvv̂|vvTvvAvv(iGyvv(RGQGJhGyvv%vv+vv8vv9JGC"vvqvvPIyvvzvv=vvJvv(KGyvvRQGfvv+vv?fvv̂|vvTvvAvv(i
GytaQ.

5vvvvv\vgvrGyvAvgv9hf<v+#CFv%vRIGyv=vJvEGyvRQGfv,OGLv{GyvtvavQhVv=vwv9JGyv=vJv(K
GyRQGf+?GyOhy+?hG sz+}+?hGygQ<+?,hEfhFO$PGGyAg9hfp%(<JOgG}O!).

6vvvvv\vvgvvrGyvv"vvdvv9eGC9[hG OGQj:GBvv9U<vvZvvQa|vvAvvavvzvv=vv9JGyvv=vvJvv(KGyvvRQGfvv+vv?
Svv(GACvvv9fPyvvxpvv,hRGQGJGyvvOhyvv?Chpvv,G@vv9|vvgvv9JChpvv,|vvQGvvvRGyvv=vvJvvEGyvvRQGfvv,
GCMAzq?,|9!AHf"&G:<Ag9OGyAOQK,f#$PGGy"W9WGy=JD,.

7vvvvv@vvTvvQHGyvvwvvqvv9AGJGyvvgvvzvv}vv+vv?GyvvRQGfvv+vv?E]GBvv9QLSvv(GAyvvzvvOhdGyvvgvvQ<vv+?G}LvvQi
ChE]GyOhdG}F"=+?<T=>\grGyOL(dGyqQO*?hfOe|T9*Q79|Aaz=9JGCg+W?.

hQivv~$vvPgGyvvTvv}vv9JGyvvAvv,G@vvTvv~6vv9Gyvv=vvJvvEGyvvRQGfvv,h\vvgvvrE|vvwvv9!vv+9@vv&pvv,Svv(Q*vv?
Lvvv9Yvvv?,hGyvvv(_vvv#GyvvvgvvvQNfvvv9|vvv?,pvvv{fG@vvv%vvv9JGyvvvgvvv9|vvvzvvv?pvvv,$vvvPGGCGvvv9dLvvv9Yvvv?|vvvO*vvvQ*vvv?
Gyvv=vvJvv(KGyvvRQGfvv+vv?pvv,hRGQIGyvvRQGfvv?hG Yvv;MGyvvRQGfvv,h<vvAvvgvv9h8vv9|vvhvvvz+9JGyvvRQGfvv?
hGCQvvvRGyvvOh[yvvzvv=vvJvv(KGyvvRQGfvv+vv?pvv,GC"vv9_vvuG@vv9pvv?zG *vvwvv9QOGy,GSvvAvvavv9fvvBCf@vv"vvqvvP
GSvvAvvQG@vv+Gvv+vv?<vvJvvDvv+vv?RQGfvv+vv?Lvv;dGyvvgvvtvv(OGyvvDvv;Cvv?GC9\vv+vv?@vv(YvvzvvB|vv#Lvv;yvv%vv9E]GSvvAvv"vv=vv9W

(24)hRGQIGyvvvRQGfvvv?hG Yvvv;MGyvvvRQGfvvv,,Gyvvtvvavv9YGyvvRQGfvv,pvv,CQsvv9e1970-1992(O|vvvWvvvu:|vvvO*vvvQ*vvv?

G IZ9AhGyAMa+b,1993).
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CYvv"vv9aGyvvtvv}vvKhGyvvWvvgvv+vvQhGyvvPQIhGyvvtvvavv#hGyvvgvvOShGAvv}vv[hivv+vvQ$vv9|vv#GCJvv9Yvv+vv{PGJ
|vgvO:JE!vAv9Lfv9y+?hYvzvBpv,Ivav9JGyv=vJv(KhGAvtv(dG:LvAv=v9Q*v?E]6vvvvv8_v#/$vvv
y~s}9Mh|#2vvvvv4_#/$vvyzWg+Qh|#2vvvvv3_#/$vvyzgOShGA}[.

E\vvv9pvvv?E]Pyvvvx@vvv~qG:$vvvAvvv}vvv9e<vvv9CZvvv9OQGyvvv(QGCvvv+vvv?yvvvzvvv=vvv+vvv8vvv9JGCJvvvz+?Ivvv+vvvEIvvvOOJ
C|vv9vvv#hFvv(OG}Yvv(dGyvv(QGCvv+vv?Gyvv=vvQ*vv?ypvvw

o
vv{
q

|vv#Gyvvtvv}vvKhGyvvWvvgvv+vvQhGyvv=vvtvv(y+9JGyvvjvvPGFvv+vv?
hGyvvPQIGyvv=vv+vv]vv9A,hIvvqvvdvvB$vvPgG}Yvv(dGyvv(QGCvv+vv?pvv,GCGvv}vvhGyvv(QGCvv,Gyvvgvv9FvvOE]GCQvvvR
GyOh[yz=J(KGyRQGf+?p,GC"9_uG@9p?(G *w9QOG).

hpv+v}v9!vJv#pv,<vOG*v?GyvtvQfGyv(GIvOhGyvgvWvQ*v#Iv+vE@vOLv{Gyv=vJv(KGyvRQGfv+v?pv,
GyvvOhdGCAvvavv(QIGCGvv9:JGyvvAvvavv=vv+vvtvv+vv?yvvzvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?hGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?h@vvTvvAvvDvv}vvQ
!vvAvv9FvvGvv%vv9GsvvAvvZvv9O*vv9

k
,h|vv9RGyvvBGyvvOhdGyvvgvvQ<vv+?Svv(GAfvv̂GCTvvAvv(iGyvvtvv(|vv,ChGyvvtvvavvQjD

@vAvzv}vU<vgvOGyvavQ*vuGyv(IvOhjGyvTvz+~yvzvAvgv9hfGyvRQGfv,hGyvAvgv9hfpv,Gyv=vJv(KGyvRQGfv+v?
Lvv9Yvv?,pvv{!vv&|vv#G}Gvv+vv?<vv}vvwvv9fGyvvtvv(d:EfGyvvAvvJvvz+;JGAvvO*vvDvv?yvvzvvGvv%vv(OG:svvAvvZvv9O*vv?
hG:FvAv}v9fv+v?yvzvAvwv"v(yv(Fv+v9G@vO*vOI@vZv"vrGyvOhdIv9y+9

k
,<v}v9pv+v%v9GyvOhdGyvgvQ<v+?,hpvu

_9s9J$PgGyOhdp,G|AZ9UL;Y?Gy=J(KhGyAw"(y(F+9J.

h@vqvQqb$vPgGyvAvJvz+;J<vgv"v9*v?<v+#GyvOhdhpvu_v9sv97v9Gyv=vJvDv+v?hsvOQGJ|v|SvTv97v9
GyvAv"vdv+v}v+v?yv=vgvEhECv9QIGyvAv"v}v+v?Gyv=v+v(@vwv"v(yv(Fv+v?.h|v#GCtv9*v+vUGCTvAvMvO|v?pv,$vPGGCGv9d
!vZv+v>GyvRQGfv?pv,GyvOhdGyv"v9|v+v?|v#Yv9OQG7v9Gyvwvz+?h|v9EPGvv9!vB$vPgGyvOhd|vZvOQI
vvz+9

k
Ch|vTvAv(QOIvvz+9

k
yvzv}v"vAvGv9JGyvRQGfv+v?,h|v9$v($v+vwv{GyvRQGfv?pv+v%v9...EyvN.h@v=vgv9

k

yPyxhFOJGCG}(f9JGyA9y+?:

1vvvvvEfGyvvOhdGCgvvAvv=vvQI|vvZvvOqQIvvvz+9
k
yvvzvv}vv"vvAvvGvv9JGyvvRQGfvv+vv?h$vv,\vvgvv+vvqvv?pvv,Gyvvtvv(I

Gyvvwvv9|vv"vv?yvvzvvAvvwvv"vv(yvv(Fvv+vv9SvvAvvwvv(fpvv,h\vvhyvv#@vvTvvAvvavv+vvh<vv&;vvtvv+vvuGyvvQ<vvK|vv#GyvvAvvwvv"vv(yvv(Fvv+vv9
}8v9zCjGyvOhdy@vgvAv}vOvvz+9

k
fv̂Yv9OQGJ|v"vAvGv97v9hSv(a@vAvzCvQSvzv=v9

k
CvvDvQ|v#iv+vQ$v9

|#GyOhdGy"9|+?.

2vvvvvEfGyvvvOhdGCgvvvAvvv=vvvQI|vvvTvvvAvvv(QOIvvvvz+9
k
yvvvjvvvPGFvvv%vvv9h$vvv,\vvvgvvv+vvvqvvv?pvvv,Gyvvvtvvv(IGyvvvwvvv9|vvv"vvv?

yvvzvvAvvwvv"vv(yvv(Fvv+vv9Svv(a@vvTvvAvvqvv+vvOh@vvQ<vvKfvv̂GCOiGyvvtvvZvv+vvQ!vvAvv+vvGvv?G!vvMvvqvv9VG}Svvgvv9Qpvv,
GyvvTvv(bGyvvgvv9C+vv?hyvvwvv#pvv,GCOiGyvv=vvgvv+vvOSvv+vvwvv(f@vvzCvv+vvQGSvvAvvMvvOGeGyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?
fwT+9

k
f^E!A9LGyjPGAGCJ\.

3vvvvvEfGyvvOhdPGJGyvvtvv(IGyvvwvv9|vv"vv?Gyvvwvv=vv+vvQIyvvzvvAvvwvv"vv(yvv(Fvv+vv9h|vvTvvAvv(QOI<vv"vvTvv=vv?fvv9y+?
yvzvjvPGASv(a@vTvAvqv+vOvvDv+vQG

k
|v#GyvAvwv"v(yv(Fv+v9GAv+v(*v?EPSvAvtv(O$vPgGyvAvwv"v(yv(Fv+v9pv,$vPg

GyOhdE]GsAZ9O|Azyuh<9yA9[;t+uG:vAq9AGyPGO
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4vvvvvEfGyvvOhdPGJGyvvtvv(IGyvvwvv9|vv"vv?Gyvvwvv=vv+vvQIyvvzvvAvvwvv"vv(yvv(Fvv+vv9h|vvZvvOQI<vv"vvTvv=vv?fvv9y+?
yvzvjvPGASv(a@vTvAvqv+vO|v#GSvAvMvOGeGyvAvwv"v(yv(Fv+v9GAv+v(*v?<vWvwv{vv=v+vQEPSvAv"v(qYYv9OQG7v9
hSAR*O$9.

5vvvvvEfGyvvOhdPGJGyvvtvv(IGyvvwvv9|vv"vv?Gyvv]vvgvv+vvqvv?yvvzvvAvvwvv"vv(yvv(Fvv+vv9G@vvO*vvOI|vvtvvQh!vv?<vv(\vvh
@vvZvvO*vvQjvvvvvGSvvAvv+vvQGOj|vvAvvgvv9OdzGSvvAvv=vvOGdYvv9ayvvzvv}vv"vvAvvGvv9JGyvvRQGfvv+vv?y@vvgvvAvv=vvQpvv,h\vvh
||Dh$PgI9d|gd~<zOGfGyt9QIG}pQ*t+?h|"at?Gyw9Q*=,(25).

pvvv,\vvv(A$vvvPGGyvvvAvvvZvvv"vvv+vvvr*vvv}vvvwvvv#Gyvvvtvvv(dEfyvvvzvvv(_vvv#GyvvvgvvvQNsvvvOQIvvvv9|vvv"vvv?|vvv#
GyvvAvvwvv"vv(yvv(Fvv+vv9GAvv+vv(*vv?vvv=vv+vvQIh$vv(|vvTvvAvv(QOpvv,Gyvv(svvB!vvqvvTvv&yvvtvvTvv~vvv=vv+vvQ|vv#GIvvAvv+vv9Fvv9@vv&
GyvvjvvPGFvv+vv?Lvv9Yvv?GyvvTvvwvvQhGAvv=vv(H,Cj@vv"vvavv=vvufvvz+&GyvvZvv(QIGyvvDvv9yvvDvv?yvvAvvZvv"vv+vvrGyvvOhd
@vvwvv"vv(yvv(Fvv+vv9

k
.pvv}vvTvv9IvvAvv&Gyvvwvv=vv+vvQI12,51pvv,GC8vv?z|vv#|vvTvv9Ivv?Gyvvgvv9DyhGAvv9h*vv?C;*vv_

G}Yvvvv"vvvv9ahGyvvvvTvvvv;:JGyvvvv"vvvv=vvvv9@vvvv+?hGAvvvv+vvvv(G!vvvv+?GCQpvvvvtvvvv?<vvvv9yvvvvavvvv9svvvv?Gyvvvvgvvvvzvvvv}vvvv+vvvv?GCAvvvvMvvvvZvvvvZvvvv?
hG:SvAvDv}v9QGJGyvwv=v+vQIGCAv(pvQIyv=vgv̂Ohyv&@v|$vzv&:SvAvqv9OI|vDv̂|v#G@v+"9JGyv(QGCv+v?
G Kvvv9<vvv+?yvvv%vvvPgG}Yvvv(dhGyvvvTvvv;:JGyvvv"vvv=vvv9@vvv+?hGAvvv+vvv(G!vvv+?GCAvvv(pvvvQIpvvv+vvv&Lvvv9Yvvv?EPG|vvv9
!vvdvv}vvBGSvvAvvQG@vv+Gvv+vv?Gyvv=vvJvv(KGyvvRQGfvv+vv?pvv+vv&<vvWvvwvv{svv(|vv,.pvv,$vvPGGBvvZvv(U!vvtvvAvvQM
\vQhQIE!vWv9A|v"vdv}v?fvQ<v+?yvzv=vJv(KGyvRQGfv+v?@vWvQafv̂Vv=vwv9JGyv=vJv(KGyvRQGfv+v?
GyvvtvvavvQ*vv?h@vv]vvhyvv%vv9GSvvAvvQG@vv+Gvv+vv?|vv(IqvvOIyvvzvv=vvJvv(KGyvvtvvavvQ*vv?hpvvu|vvqvv9$vv+vv~GC+vvRIGyvv"vvTvv=vv+vv?
yvzv=vJv(KGyvRQGfv+v?h@v(pvQGyvAv}v(*v{Gyv;Reyvgv}vz+?Gyv=vJvEGyvgvzv}v,GyvRQGfv,.E\v9pv?E]
Pyvvvx*vvv}vvvwvvv#$vvvPgGC"vvvdvvv}vvv?Cf@vvvtvvv(e<vvv}vvvTvvvKh=vvvhhIvvvqvvveG}Yvvv(dGyvvv(QGCvvv+vvv?Gyvvv"vvv=vvv9@vvv+?
hGAvvv+vvv(G!vvv+?pvvv,<vvv"vvvxLvvv9UyvvvPyvvvxz;vvvBhYvvv9*vvv?fvvvQ<vvv+?yh@vvvwvvv(*vvv#Gyvvvwvvv9OQGyvvvgvvvQN
GCAvvvMvvvZvvv[yvvvzvvvAvvvgvvv9|vvv{|vvvh$vvvPGGCTvvvAvvv(i|vvv#Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?6vvvOaG:SvvvAvvvqvvv9OI|vvv#
!A9FG%9p,|g9@?CR|?GyjPGAGygQ<+?GCTAt=z+?.

C9!+9
k

::O*Of}z+?Gy=J(KGyRQGf+?hGyA"}+?

@vgvAv=vQfv}vz+?:vO*vOGyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?(Revamping Agricultural Research

and Development(RARD))fvvvv}vvvvz+?vvvvv=vvvv+vvvvQIpvvvv,fvvvv9DG:SvvvvAvvvvDvvvv}vvvv9QGJGBvvvv9Yvvvv?<vvvv9yvvvvtvvvvavvvv9Y
GyvRQGfv,GAvwv(|v,.pvtvOhYv{IvGv~G:SvAvDv}v9QGJfv̂|vTvAv(iGyvtvav9YGyvRQGfv,Gyvgv9e
yvvzvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?Gyvvgvv9C,fvv9e1990E]17|vvz+9QOh:Q|vv"vv%vv98,5|vvz+9Q
Oh:QGSvvAvvDvv}vvQJpvv,GyvvOhdGCAvvavv(QIh8,8|vvz+9QOh:QCLvvQiGSvvAvvDvv}vvQJpvv,GyvvOhd

(25)K. M. Leisinger, «Sociopolitical Effects of New Biotechnologies in Developing Countries,»

(2020 Vision; Brief 35, International Food Policy Research Institute (IFPRI), Washington, DC, 1996).
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Gyv"v9|v+v?(26).yvtvOYvQpvB|vQGvvRGyv=vJv(KGyvOhy+?GyvAv9<vgv?yvzv}vGv}v(fv?G:SvAvWv9Q*v?GyvOhy+?
yvvvzvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?(CGIAR)|vvv=vvvzvvvjvvv9

k
E\vvv9pvvv+vvv9

k
svvvOQg286|vvvz+(fOh:Qfvvv̂Gyvvv=vvvJvvv(K

GyvvvRQGfvvv+vvv?,vvvv}vvv9YvvvQaGyvvvtvvvavvv9YGBvvv9U<vvv9yvvvgvvv9Dvvvv}vvv+vvv9Jvvvv=vvv+vvvQICLvvvQi|vvv#G}|vvv(Gdfvvv̂
Gyvv=vvJvv(KGCPvvv(QI.pvv}vvDvv;

k
YvvQpvvBGyvvWvvQvvv9JG}|vvQ*vvwvv+vv?yvv(IvvO$vv9svvQG<vv?2,8|vvz+9QOh:Q

f^Gy=J(KGyRQGf+?f9e1990(27).

hyvvwvv#|vv#GCgvvQhaCf
q

Gyvv"vvWvv9WG:SvvAvvDvv}vv9Qjfvv9OI:*vvTvvAvv}vvQq<vv9yvv(@vv+QI!vvqvvTvv%vv9EP
@vvAvvQGFvvhJvvZvvZvv9JGyvv=vvJvv(KCIvv+vv9!vv9

k
CCvv"vv9AEfvvOGOGC+vvRG!vv+9JGAvvwvv(|vv+vv?GyvvTvv"vv(*vv?yvvzvvOhd

!vvdvvQG
k
yvvAvvqvvJvv[h@vvTvv9Dd|vvgvvO

q
jGC+vvRG!vv+9J:|vv9EPGvvv9!vvB$vv"vv9cIvv9Fvv?E]|vv|SvvTvv9J

Gyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?Ce:?hpvv,Ivv9yvv?hFvv(O$vv9,vvv+vvrKvv>fvvz+%vv9@vv=vv"vv,vvv{
q

|vvv#GyvvvAvvvjvvv+vvvQGJpvvv,GCwvvvAvvvWvvvqvvv9JG@vvvO*vvvOIvvvv9yvvvAvvvjvvv+vvvQGJpvvv,Gyvvvgvvvzvvv(e(fvvvzvvv(eGyvvvAvvvtvvv"vvv+vvv9J
GAvv+vv(*vv?),GyvvAvvjvv+vvQGJpvv,GC|SvvTvv9JGyvvgvvzvv}vv+vv?(vvvJvvtvv(bCYvvJvv9H|vvwvvAvvWvvqvv,CYvv"vv9a
Gyv"v=v9@v9J),GyvAvjv+vQGJpv,GCGvAv}vh(_vzv=v9J>v9*v?Gyv=v+v8v?hGyvTv;|v?hGyvjvPGAGyvQLv+v[),
GyvAvjv+vQGJGyvRQGfv+v?!vqvTv%v9(fvOOsvz+{|v#GCRGQfv_GCAvgvzv}v_Cpv]v{|v#fvOOvv=v+vQ|v#
GyvvRQGYivv+vvQGCAvvgvvzvv}vv_),GyvvAvvjvv+vvQGJpvv,CSvv(GbGC"vvAvvGvv9JGyvvRQGfvv+vv?(<vv}vv9pvv+vv%vv9@vvgvv9cvv~
IvvvGvvv~GyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?GyvvvRQGfvvv+vvv?hLvvvzvvvbGC"vvvAvvvGvvv9J)hCLvvv+vvvQG

k
GyvvvAvvvjvvv+vvvQGJG \vvv9pvvv+vvv?pvvv,

G:sAZ9O(@tz+[OhQGyRQGf?)?

h<vv9yvvQivv~|vv#GC"vv9svvWvv9JGCqvvZqvvzvv?Ivv(dSvv+vv9Svv9JGyvv=vvJvv(KGyvvRQGfvv+vv?hGLvvAvv;pvv%vv9|vv#
Ohyvv?E]CLvvQi@vvavvQMpvv,GyvvwvvDvv+vvQ|vv#Gyvv=vvzvvOGffvv9OIGyvvgvvO*vvO|vv#G}Svv8vvzvv?G}Svv9Svv+vv?fvv#
OhQGyvvtvvavv9YGyvvgvv9epvv,;vvtvv+vvuGyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?.hsvvOFvv9AvvvDvv+vvQ|vv#G Fvv9<vv9J
<vv]vvQhQI:vvO*vvOh;vvO*vvEfvv}vvz+9JGyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?h<vvgvvEQhMGAvv+vv9IHvvOOG

k

pvv+vv%vv9.yvvtvvO@vvRG*vvOGyvvtvvzvvuIvv(dYvvQaGyvv"vvtvv(O<vvTvv%vv(yvv?hyvvPyvvx*vvtvv(dhG\vvgvv(GC+vvRG!vv+9J
GAvvwvv(|vv+vv?:Kvv>Cf!vvAvvgvv9|vv{<vvavvQ*vvtvv?|vvAvvwvv9|vvzvv?|vvhfvv}vvz+9JEvv(*vv{h@vv"vvdvv+vv~hEOGQIGyvvtvvavv9Y
Gyg9eyz=J(KGyRQGf+?hGyA"}+?.

|vv#Gyvv=vvOG$vv?Gyvvtvv(dE!qvv&yvv#:vvQj<vvJvv(KRQGfvv+vv?h@vv"vv}vv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?|vv#Ohf
|vvTvv9Gvv?GAvvwvv(|vv9J<vvPyvvx.h*vvgvv(OSvv=vv>|vvTvv9Gvv?Gyvvtvvavv9YGBvv9U<vv9SvvAvvDvv}vv9QGJsvvz+zvv?Ch
|vv"vvMvvqvv]vv?pvv,Gyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?yvvwvv(f_vv=vv+vvgvv?GyvvRQGfvv?(!vvWvv9_vv9Jvvv;Svv+vvwvv+vv?
hpvvQO*vv?:*vv}vvwvv"vv%vv9G:SvvAvvqvv9OIGyvvqvvgvv9yvv?|vv#!vvAvv9FvvHGyvv=vvJvv(KGyvvRQGfvv+vv?)hyvvavv=vv+vvgvv?Gyvv=vvJvv(K

(26)Philip G. Pardey and J. M. Alston, Making Science Pay - the Economics of Agricultural R&D

Policy (Washington, DC: American Enterprise Institute Press, 1995).

(27)GCZOQ!qT&.
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GyvvRQGfvv+vv?!vvqvvTvv%vv9(ivv9yvv=vv9
k

|vvTvvAvvDvv}vvQhfpvvQGOi:*vvTvvAvvqvv+vvOhfvvvz+9
k

|vv#!vvAvv9FvvH<vvJvv(Cvv%vv~).$vvPg
GC(GQOGCROhFv?}Lvav9AGyvTv(bpv,Gyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?Vv9Fvgv?hyvwv"v%v9svO@vwv(f
$vv9|vv?pvv,GyvvOhdGyvv"vv9|vv+vv?EP*vv}vvwvv#Cf@vvAvvqvv9svv~BCvv9Q$vv9fvv̂|vvWvv9vvv{GyvvOhdGyvv"vv9|vv+vv?G}LvvQi
|vvvDvvv{GyvvvAvvvWvvv($vvv9JGyvvvOGFvvv}vvv?pvvv,GyvvvTvvvzvvvgvvv?hCSvvv(GbQCSGC9d.yvvvPyvvvxGyvvvAvvvOLvvv{GAvvvwvvv(|vvv,
|vvvavvvzvvv(Hyvvv]vvv}vvv9fGyvvvTvvv(bh@vvvZvvvJvvv+vvvKCLvvvavvv9Fvvv&h@vvvgvvvR*vvvRG:SvvvAvvvDvvv}vvv9QGJGyvvvwvvvz+?Gyvvvwvvv=vvv+vvvQI
yvvzvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?Lvv9Yvv?pvv,GC"vv9_vvuGyvv=vvJvvDvv+vv?PGJGyvvAvvwvv9y+rG:FvvAvv}vv9fvv+vv?
GCQ@qg?!T=+9

k
hGA(GpRGCJOhOIGCtO|?yzta9YGB9UhGSAD}9QG@&.

h<9yA9[,|9PGK>f^GAw(|9JCf@qg{?

pvv,Gyvv(Gsvvh$vv"vv9cEFvv9<vv9Jsvvz+zvv?hSvv%vvzvv?yvvOiGyvvgvvO*vvO|vv#Ivvwvv(|vv9JGyvvOhdGyvv"vv9|vv+vv?
GyvvAvv,C?vvOJG:<vvAvvwvv9QGJ.yvvtvvOLvvq

q
vv]vvBGyvvAvvOLvv;JGAvvwvv(|vv+vv?pvv,CSvv(GbGyvvTvvzvvhQ<vvK

GCRGQfvvv_GyvvvPjSvvv+vvvgvvv}vvv{fvvv̂;vvvTvvv_G !vvvAvvv9Fvvv+vvv?GyvvvRQGfvvv+vvv?.h|vvv#GCJvvvAvvv}vvv{Cf@vvv|OjC*vvv?
IvvvQvvvv?<vvv9:vvv9g;vvvQ*vvvQ:vvv9QIGyvvvTvvvzvvvhGyvvvRQGfvvv+vvv?E]R*vvv9OIGAvvv(GpvvvRyvvvOiGyvvvtvvvavvv9YGBvvv9Upvvv,
GyOhdGy"9|+?yA}(*{hEOGQIGy=J(KGyRQGf+?hGyA"}+?h@="q,!A9FG%9.

EfGyvvAvvOLvv{GC"vvavvtvv,yvvzvvJvvwvv(|vv9JKvv>Cf*vvQ<vvb|vv9<vv+#GSvvAvvDvv}vv9QGJGyvvtvvavv9YGyvvgvv9e
hGSvvAvvDvv}vv9QGJGyvvtvvavv9YGBvv9UGCQ@vv=vvavv?<vv9yvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?<vvJvv+vvE@vvwvv(fGyvvqvv9FvvOI
G:FvvAvv}vv9fvv+vv?GyvvZvv9pvv+vv?Cvvv=vvQ|vv9*vv}vvwvv#.h@vvTvvAvvzvvRe$vvPgGyvvgvv}vvz+?Efvvavv9AIvvtvv(b:G:SvvAvvDvv}vv9Q,
|vRLGCWv9Q*vhhGyv=vQG|vH,Ev(*v{Gyvzvtv9AGJ,EfvOGOGyv(vv9:JGCWvAvQvv?yvzv=vJv(KGyvRQGfv+v?
hGyvAv"v}v+v?hiv+vQ$v9|v#Gyv"vWv9_v9JG:SvAvDv}v9Q*v?.hsvO:@vAvJvtvufv}vz+?GBvzvb$vPg,E:Cf

q

GyT+Qp,G::9gGyZJ+KPhp9FOIv=+QI.

Ef
q

R*v9OIGC+vRG!v+?Gyvwvz+?yvzv=vJv(KGyvRQGfv+v?pvwvQIIvTv"v?hyvwv#Kv>@v"vqv+vP$v9<vWvwv{
@vvwvv(fpvv+vv&fvv(GFvvO$vv9|vv]vv}vv(!vv?hCvvv+vvOIh@vvjvvavv,@vvwvv9y+qvv%vv9.hpvv,$vvPgGAvv9yvv?Kvv>@vv(pvv+vvQ
GC(GQOGC9y+?yvgv}vz+?Ev(*vzv%v9h<v9AvOG}O!v).h!vdvQG

k
yvwv(fGC(GQOGC9y+?pv,GyvOhdGyv"v9|v+v?

IvOhOIpv,iv9yv>G}Iv+v9fpv}v#Gyv]vQhQI<v}vwv9fCf*vAv~@v(R*vhG}|v(GdGCAv(pvQIyvgv}vz+?
Gyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?<v9yvWvwv{G}|vDv{h<vJv+vE@vwv(fpv+v&GyvAvwv9y+rG:FvAv}v9fv+v?Csv{
|v9*v}vwv#.h!vdvQG

k
yvwv(fGyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?EvDv{G:SvAvMvOGeG}|vDv{yv(sv9*v?Gyv"v}v(

G:svvvAvvvZvvv9Ojpvvv,GCOiGyvvvavvv(*vvv{pvvv+vvvGvvv>C:@vvvQvvvvRfvvv̂Efvvv9OI;vvvtvvv+vvvuG}$vvvOGapvvv,GCOi
GyvvtvvZvv+vvQpvvtvvb,CjKvv>Efvv9OI@vv(R*vvhCpvv]vvz+9J<vvJvv(Cvv%vv9GyvvRQGfvv+vv?fvv̂Lvvqvv̂GyvvAvvwvv9y+r
G:FvvvAvvv}vvv9fvvv+vvv?GyvvvZvvv9pvvv+vvv?,hpvvv,Ivvv9yvvv?fvvvOe;vvvtvvv+vvvuPyvvvxpvvvAvvvwvvv(f$vvvPgGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?
hGyA"}+?|wzq?C(GQOGyOhy?Gyg9|?hGy"9OQICY;

k
.

vv~$v,Gyvwvqv9*v??Sv|Gd*v(GFv&GCMvavav(fyvgv}vz+9JGyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?pv,
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GyvvOhdGyvv"vv9|vv+vv?hGCAvvavv(QIfvv̂GyvvTvv(GA.$vv"vv9cGyvvgvvO*vvO|vv#GyvvOhdGCAvvavv(QI@vvTvvAvvDvv}vvQCvvvDvvQ|vv#
1pvv,GC8vv?|vv#!vv9:vv%vv9G =vv9[GyvvRQGfvv,GCJvv\pvv,<vvJvv(Cvv%vv9GyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?,<vv{$vv"vv9c
GyvvgvvO*vvO|vv#$vvPgGyvvOhdGCAvvavv(QIC*vv]vv9

k
svvORGOJ|vv#fvv}vvz+?@vvwvvDvv+vvr<vvJvv(Cvv%vv9GyvvRQGfvv+vv?

hGyvvAvv"vv}vv+vv?pvv,GyvvTvv"vv(GJG}Lvv+vvQI.pvv9yvvZvv_Ivv9pvvdvvB<vv(\vv(Mfvv̂|vvgvvOdGSvvAvvDvv}vv9QG7vv9pvv,
Gyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?yvzvTv"v(GJhGyvgvtv(OGC9\v+v?.hyvwv#qGyvgv(G|v{GyvDv9<vAv?GyvAv,;vOO
$vPgGCgvO:J(vv9C|SvTv9JGyv=vJvDv+v?hGyvTv+v9Sv?Gyvgv9|v?yvzvOhyv?h|v]v}v(fGyv"vdv9eGyvRQGfv,
GyvvPj:vvQipvv+vv&Gyvv=vvJvv(KGyvvRQGfvv+vv?),|vvAvv=vv9*vv"vv?vvvz+9

k
|vv#svvavvQ6LvvQ,h<vv9yvvAvv9[pvvzYvv9<vvhGy+O

|vvAvv=vv9*vv"vv?EP*vvtvv(dCIvvO$vv~Cf
q

<vvZvv+vv[2pvv,GC8vv?|vv#svv+vv}vv?G !vvAvv9LGyvvRQGfvv,yvvzvv=vvJvv(K
GyvvvRQGfvvv+vvv?hGyvvvAvvv"vvv}vvv+vvv?$vvv,!vvvdvvvQ*vvv?ivvv+vvvQ|vvv;Fvvv}vvv?.Ef

q
G@vvv(GHGyvvvgvvvzvvv}vvv,hGyvvv(G\vvvKpvvv,$vvvPG

GBvvvvZvvvv(U*vvvvAvvvv(svvvvrfvvvv̂_vvvv=vvvv+vvvvgvvvv?Gyvvvv=vvvvJvvvv(KGyvvvvRQGfvvvv+vvvv?hfvvvv̂GyvvvvqvvvvQUG}LvvvvQiGCtvvvvO|vvvv?
:SvvAvvMvvOGe$vvPgG:SvvAvvDvv}vv9QGJ(GCMvvZvvZvv?yvvzvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?).Ef

q
C|vv{G@vv+vv9Y

pv,Gyvgv9Dyv#Lvtvuyv(IvOgfv}vz+?G:SvAvDv}v9Qpv,Gyv=vJv(KGyvRQGfv+v?hGyvAv"v}v+v?h<v9yvAv9[Kv>
fvv̂GCTvvAvvDvv}vvQCfLvvZvv{fvv̂pvvQYvv?yvvAvvGvv"vv>$vvPgGCWvvwvvzvv?.fvv}vv(|vv9

k
ivv9yvv=vv9

k
|vv9@vvwvv(ffvv}vvz+?

@vvwvvDvv+vvrGyvv=vvJvv(KGyvvRQGfvv+vv?GCAvv=vv9*vv"vv?CvvvDvvQ|vv;A|vv?yvvzvv=vvQG|vvHGyvv=vvJvvDvv+vv?GCAvv=vv9*vv"vv?hGC"vvqvvPIpvv,
|"9_uhCR|"?|A=9*"?C*]9

k
.

C9yD9

k
:Gy=J(KGyRQGf+?,hGyAt"+9J,hG !A9F+?

<vvMvvZvv(U|vv(QOG !vvAvv9Fvv+vv?pvv,GyvvRQGfvv?Kvv>Efvvavv9A<vvgvv̂G:$vvAvv}vv9eyvvzvvqvvQUGyvvAvv,
@vvvgvvvQ\vvv%vvv9GyvvvAvvvtvvv"vvv+vvv9JGAvvv+vvv(*vvv?(Biotechnology)h<vvvQG|vvvHGyvvv=vvv+vvv8vvv?GyvvvRQGfvvv+vvv?(Agroecology

Approaches (AA))<9 \9p?E]@t"+?GCgz(|9J(Information Technology).

pvv,Ivv9yvv?GyvvAvvQvvv+vvRfvv̂GyvvAvvtvv"vv+vv9JGAvv+vv(*vv?pvv,Ivv{
q

|vvWvv9vvv{GCRGQfvv_hR*vv9OIE!vvAvv9Fvv+vv?
|vvvRGQfvvv%vvv~*vvvqvvv]vvv{Cf*vvvAvvv~Pyvvvx<vvv9yvvvAvvvgvvv9hf|vvvhvvvv{

q
|vvv#:_vvvQbGyvvv=vvvJvvv(KGyvvvAvvvtvvvz+O*vvv?,

GyvvAvvavv=vv+vvtvv9JGyvvRQGfvv+vv?G}pvv]vv{,G}Svv(GbG}pvv]vv{hGyvvTvv+vv9Svv9JGyvvRQGfvv+vv?G}vvvDvvQ|vv;A|vv?
yvzv}vRGQfv_.h|v#GCgvzv(eIv9y+9

k
C!qv&*v}vwv#GyvAvtv"v+v9JGAv+v(*v?|vTv9fvOIGCRGQfv_pv,Lvqv̂

GCMvvv9_vvvQG !vvvAvvv9Fvvv+vvv?,<vvv{R*vvv9OI$vvvPgG !vvvAvvv9Fvvv+vvv?fvvv#_vvvQ*vvvu@vvv(pvvv+vvvQ$vvv9CYvvv"vvv9aGCJvvv9Yvvv+vvv{
GC;Fvvv}vvv?yvvvzvvvGvvvqvvv9ahpvvv,|vvvtvvv9h|vvvAvvv%vvv9yvvv7pvvv9JhG}|vvvQGVhGAvvvWvvvQGJGyvvvAvvv,@vvvZvvv+vvv>$vvvPg
GCJvv9Yvv+vv{,vvv}vv9E8vv9svv9OQIfvv̂G|vvAvvZvv9UG}RhJ|vv#Gyvv%vv(GA<vv9 \vv9pvv?E]vvv(8vv9@vvR*vvO
|vv#IvvAvv(iGAvvO*vvOhpvv+vvAvv9|vv_(A)h;vvTqvv#|vv#!vv(fvv+vv?G}ivvP*vv?G}LvvQi.|vv#Fvv%vv?CLvvQi
*vv}vvwvv#GyvvAvvtvv"vv+vv9JGAvv+vv(*vv?|vv(GFvv%vv?GCWvv9vvv{GyvvAvvjvvP*vv?G}LvvQiGC"vvAvvWvvQI<vvwvvDvvQIh<vvGvvO*vv?<vv+#
GyvvqvvtvvQGApvv,GyvvOhdGyvv"vv9|vv+vv?.h@vv"vvgvvwvvUR*vv9OIG !vvAvv9Fvv+vv?fvv9OIpvv,|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?pvv,
vvvv{
q

|vvv#GyvvvOLvvv(dGyvvvgvvv9y+?yvvvzvvv}vvvRGQfvvv_GyvvvZvvvjvvv9QhG!vvvMvvvqvvv9VCSvvvgvvv9QGyvvvjvvvPGA,hGvvv9C|vvvQGf
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$vv9|vv9fyvvzvvqvvtvvQGAGyvvP*vv#*vvZvvQpvv(ffvv9OICvvvDvvQ|vv#50pvv,GC8vv?|vv#OLvv(yvv%vv~fvv̂GyvvjvvPGA,
yvPyvx*vAvavzv>@v(Q*vOGyvqv(GFvOGyvwv9|v"v?yvzv=vJv(KGyvRQGfv+v?<vWvwv{fv9e.hyvzvAvtv"v+v9JGAv+v(*v?
<vvWvvwvv{Lvv9U,E]GCRGQfvv_GyvvZvvjvv9QhGCTvvAvv%vvzvvwvv_GyvvqvvtvvQGApvv,GyvvOhdGyvv"vv9|vv+vv?yvvzvvAvvwvv9|vv{
<vv+#G:SvvAvvDvv}vv9QGJGAvvwvv(|vv+vv?Gyvvwvv=vv+vvQIyvvzvvOhdGyvv"vv9|vv+vv?h|vvQGvvvRGyvv=vvJvv(KGyvvRQGfvv+vv?GyvvOhy+?
GC"vvAvvWvvQIpvv,GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?GyvvAvv,@vvWvvQafvvz+%vv9GCGvv}vv(fvv?G:SvvAvvWvv9Q*vv?GyvvOhy+?
yvvzvv=vvJvv(KGyvvRQGfvv+vv?(CGIAR)|vv#Fvv%vv?,h<vv+#Gyvvtvvavv9fvv_Gyvvgvv9ehGBvv9Upvv,vvv{

q
Ohyvv?

!9|+?,|#F%?CLQi.

vvvPyvvx@vvtvv(eGAvvwvv(|vv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?GyvvZvv"vv9fvv+vv?<vvOhQ$vv9epvv,@vv"vvdvv+vv~Yvv"vv9fvv?
GyvvAvvtvv"vv+vv9JGAvv+vv(*vv?,EPKvv>fvvz+%vv9(GAvvwvv(|vv9J)@vvavv(*vvQh@vv"vvdvv+vv~GyvvTvv;|vv?GAvv+vv(*vv?Gyvvqvvgqvv9yvv?
C"vAvGv9JGyvAvtv"v+v9JGAv+v(*v?<v9 \v9pv?E]EKv9O$v9GyvZv+vkhGyvAvWvQ*vgv9JGC"v9Sv=v?GyvAv,@v]v}v#
Ivvtvv(bGCzvvwvv+vv?GyvvqvvwvvQ*vv?ypvvw

o
vv{
q

|vv#Gyvv=vv9IvvDvv_h|vvZvv"qvvgvv,Gyvv=vvPGQGyvv"vv9:vv?fvv#$vvPgGyvvAvvtvv"vv+vv9J
GAvv+vv(*vv?pvv,Gyvv(svvB!vvqvvTvv&.vvv}vv9Kvv>fvv̂GAvvwvv(|vv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?G fvv;eGC"vv9Svv>
fvv#=vv+vvhG}|vv(QGCPvvv(QI<vvJvv+vvE@vvAvv(pvvQ@vv}vv+vvhGCRGQfvv_.hpvv,Ivv9yvv?fvvOe@vv"vvqvv+vvP$vvPg
GBvvavv(GJ|vv#svv=vv{GAvvwvv(|vv9JGCPvvv(QI,pvv{f

q
GyvvAvvtvv"vv+vv9JGAvv+vv(*vv?Svv(aEvvQfvv=vvQvvv{

q
|vv#:

GyvqvtvQGA|v#OhfEpv9O7v~,pvQU@vtvz+[GyvqvtvQ|v#OhfLvqv]v%v9,fvOe@v(pvQGyvjvPGA|v#
Ohf;vvtvv+vvtvv&,h!vvtvv[GyvvjvvPGAGBvv9U<vv9}_vvqvv9d|vv#Ohf@vv(pvv+vvQgyvv%vv~.<vv{Svv(a@vvROGO
h@vvAvvgvv9cvv~GyvvqvvGvv(Ipvv,G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?<vv+#|vvRGQfvv,GyvvOhdGyvv"vv9|vv+vv?h|vvRGQfvv,GyvvOhd
GyZ"9f+?hGCAa(QI.

C|qvvvvvvv9@vvvvvvvtvvvvvvv"vvvvvvv+vvvvvvv9JGCgvvvvvvvzvvvvvvv(|vvvvvvv9@vvvvvvv+?hG:@vvvvvvvZvvvvvvv9:J(Information and Communication

Technology (ICT))pvvAvvgvvQVpvvQYvv9
k

$vv9Fvvzvv?Bvvqvv̂GyvvqvvtvvQpvv,GyvvQ*vvr<vv9yvvOhdGyvv"vv9|vv+vv?,EP
|vv#GCgvvQhaCf

q
@vvtvv"vv+vv9JGCgvvzvv(|vv9@vv+?Gyvvgvv9O*vv?vvv9yvvAvvzvvqvv(!vv9J<vvqvvupvv,Gyvv(Yvv(dE]GyvvtvvTvv~

G}vv=vQ|v#GyvqvtvQGAGyvQ*vqv+v_,hPyvx<vTv=v>vv(8v9Svzvwv+v?hiv+vQ|vAv(pvQI<v9}|v9vv#GC"v9Sv=v?
pvv,GC"vv9_vvuGyvvQ*vvqvv+vv?.C|qvv9C!vvdvv}vvAvv%vv9G@vv+vvOIpvv%vv,|vv(Fvv(OIfvv9OIpvv,GCOfhyvvOiGyvvTvvwvv9f
GAvv]vvQ*vv_.C|qvv9Lvv;*vv9GyvvAvvzvvqvv(!vv9Jfvv=vvQG}svv}vv9QG:Yvvavv"vv9fvv+vv?(GC(<vv9*vv{)h_vvQbG:@vvZvv9d
fv=vQG !vAvQ!vBpv+v}vwv#C*v]v9

k
CfEvQfv=vQ!vdv9evv;Sv+vwv,svO*v~*vWv=v&!vdv~E_vgv9eG@v"v(Opv,

GyvOhdGyv"v9|v+v?h|v#OhfEpv9OIGyvqvtvQGA|v#_vQbG:@vZv9dGAvO*vDv?.vv}v9*v}vwv#GyvAvgvz+}v9J
GyvvAvv,@vvZvvOQ$vv9G@vv%vv9JGCTvv|hyvv?fvv#G:@vvZvv9:JCf@vvgvv+vvuGSvvAvvqvv9OIGyvvqvvtvvQGA|vv#GyvvAvvtvv"vv+vv9J
GCPvvvv(QI.|vvv#Fvvv%vvv?CLvvvQi,$vvv"vvv9c@vvv"vvv9svvv[OQG|vvv9@vvv+wvvv,pvvv,@vvvwvvv9y+rvvvv{

q
|vvv#Gyvvvavvv9svvv?

GyvvWvv}vvTvv+vv?hGSvvAvvMvvOGesvv(IGyvvQ*vv9M<vvJvv+vvEKvvgvv{GSvvAvvMvvOG|vv%vv}vv9|vv#svv=vv{GCRGQfvv_GyvvZvvjvv9Q
hGyqtQGAFw"9

k
.

Ef
q

GsvvAvvQGHGCRGQfvv_GyvvZvvjvv9QhGyvvqvvtvvQGA|vv#pvvQUGSvvAvvMvvOGe@vvtvv"vv+vv9JGCgvvzvv(|vv9@vv+?

415



hG:@vZv9:JhG !vAvQ!vBhGyvQGO*v(hGyvAvzvqv9RhGyvav9sv?GyvWv}vTv+v?hsv(IGyvQ*v9M@vqvAvKC|v9|v%v~
pvvvQYvvv9

k
FvvvO*vvvOIyvvvzvvvAvvvgvvvzvvv~hGyvvvgvvv"vvv9*vvv?<vvv9yvvvZvvvJvvv?G}hy+?h@vvvavvv=vvv+vvvu!vvvZvvv9FvvvKG QVvvv9OGyvvvRQGfvvv,

<vv9 \vv9pvv?E]@vvjvvavv+vv?h@vv(pvv+vvQGCgvvzvv(|vv9JGAvvO*vvDvv?fvv#G}Svv(GbhGyvv"vvtvv{hIvv9:JGyvvavvQb
hpQUGyg}{hG}|(QG}LQiGy%9|?p,GyQ*rGyqt+Q.

QG<g9
k

:Gy=J(KGyRQGf+?h@tz+[GyqtQ

*vvAvv}vvDvv{Gyvv%vvOaG}Svv9Svv,yvvzvv=vvJvv(KGyvvRQGfvv+vv?<vvR*vv9OIG !vvAvv9LGyvvRQGfvv,Lvv9Yvv?pvv,
GC"vvv9_vvvuGyvvvRQGfvvv+vvv?PGJGyvvvtvvvOQIG !vvvAvvv9Fvvv+vvv?Gyvvvwvvv9|vvv"vvv?Gyvvvgvvv9y+?(High-potential Areas).
h*vvTvv9$vv~$vvPGG}|vvQ<vvavv=vv+vvgvv?GAvv9d<vvMvvqvv̂fvvOOG}pvvQGOGyvvP*vv#*vvgvv+vvWvv(fpvv,<vv+8vv?GyvvqvvtvvQ
!vvdvvQG

k
CTvv9GvvAvv&<vvMvvqvv̂CSvvgvv9QGyvvTvvzvvhGyvvjvvPGFvv+vv?GC"vvAvvGvv?|vv#$vvPgGC"vv9_vvu.h<vv9yvvQivv~|vv#

Pyvvx,pvv%vv"vv9cvvv}vv9PvvvQpvv,Hvv9:JfvvO*vvOI,CvvvDvvQ|vv#|vvz+(fpvvQO|vv9RGyvv(G*vvgvv+vvWvv(fpvv,
ptQ|Osh

(28).

hpvvvv,cvvvv{
q

fvvvvZvvvvQGyvvvvjvvvvPGAGyvvvvgvvvv9C,G@vvvvO*vvvvO,fvvvvZvvvvQGyvvvvgvvvv(C?,D*vvvv(RYGyvvvvjvvvvPGA,|vvvvh
G}Svvr,<vvWvvwvv{Fvv+vvO,Ivv+vvE@vvtvvzvvZvvBGyvvAvvGvv9QIpvv,GyvvTvv"vv(GJG}Lvv+vvQI|vv9COiE]@vv(pvvQ
GyvvqvvQYvv?GyvvTvv9!vvJvv?yvvzvvtvvavv9YGyvvgvv9epvv,vvvDvv+vvQ|vv#GyvvOhdGyvv"vv9|vv+vv?<vv9yvvAvvQvvv+vvRfvv̂GSvvAvvDvv}vv9QGC(GQO
Gyvav=v+vgv+v?GCAv(GpvQIyvO*v&,h<v9yvAv9[fv̂h\vhGSvAvQG@v+Gv+v9Jyvzv=vJv(KGyvRQGfv+v?GyvAv,*v}vwv#
GyvqvtvQGApv,$vPgGyvOhdG:SvAvqv9OI|v#!vAv9FvGv%v9<vWvwv{CSv9Sv,.hsvO@vRG*vOJ$vPgGyvqvQYv?
<vvvqvvv]vvv{@vvvRG*vvvO|vvvTvvv9Gvvv?Gyvvvtvvvavvv9YGBvvv9Upvvv,@vvv(Q*vvvOG:SvvvAvvvDvvv}vvv9QGJ,Lvvv9Yvvv?pvvv,GyvvvOhd
GCAvav(QI,yvAvav(*vQG !vAv9Fv+v?GyvRQGfv+v?fv̂GCTvAv(iGyvgv9C,.hyvwv#|v9$v,G:SvAvQG@v+Gv+v9J
GyvvvAvvv,Kvvv>Cf*vvvAvvv=vvv"vvv9$vvv9Gyvvvtvvvavvv9YGyvvvgvvv9eEPG|vvv9Qivvv><vvvAvvv(pvvv+vvvQh\vvv}vvv9fGIvvvAvvv+vvv9Fvvv9JGyvvvqvvvtvvvQGA
h|Aaz=97~GyjPGF+??

*vv}vvwvv#Gyvv=vvJvv(KGyvvRQGfvv+vv?GyvvAvv,@vv|OjyvvAvvJvvTvv_GyvvAvvtvv"vv+vv9JGyvvRQGfvv+vv?,Cf;vvtvvuG6O
yzqtQGA:

vvvvvR*9OIG !A9LGyRQGf,p,GCRGQYGyZj+QIGAG~.

vvvvv@vv(pvv+vvQpvvQUGyvvgvv}vv{yvvzvv}vvRGQfvv_hGyvvgvv}vv9dGyvvRQGfvv+vv_GyvvP*vv#:*vv}vvzvvwvv(fCQ\vv9
k

yzg}{h<zF(Q|Q@qg?\}#GC"9_uGy=+8+?GCA="+?$PgGyAt"+9J.

(28)Peter B. R. Hazell and Lawrence James Haddad, «Agricultural Research and Poverty

Reduction,» (2020 Vision; Brief 70, International Food Policy Research Institute (IFPRI), Washington,

DC, 2001).
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vvvvvR*9OIpQU$GQIGyqtQGAE]GC"9_uGyRQGf+?G}LQiPGJGyqQUGCA(pQI.

vvvvv@v(pv+vQGC"v9pvhCOihGSvh|v#G}pvQGOGyvqvtvQGAfv=vQ@vav(*vQGyvtvav9fv9JhGsvAvZv9O*v9J
GC"9_uGyQ*q+?hGC"9_uGy;RQGf+?.

vvvvvLvvvvqvvvv̂CSvvvvgvvvv9QGyvvvvTvvvvzvvvvhGyvvvvjvvvvPGFvvvv+vvvv?@vvvv}vvvv+vvvvhGCTvvvvAvvvv%vvvvzvvvvwvvvv_(pvvvv,GC"vvvv9_vvvvuGyvvvvQ*vvvvqvvvv+vvvv?
hGA]Q*?).

vvvvv@vvTvv%vv+vv{GyvvavvQbGyvvqvv+vvR*vvtvv+vv?hG:svvAvvZvv9O*vv?yvvzvv(Yvv(dE]GCJvv9Yvv+vv{Gyvvjvv"vv+vv?<vv9yvvgvv"vv9YvvQ
GyjPGF+?G@+OIhGy;R|?y~pQGOGyqtQGA,L9Y?

k
Gy"T9A|"%~.

vvvvvEvwv_GyvqvtvQGA|v#R*v9OICYv(yv%v~hh\vgv%v~GyvtvQGQGJhsvOQG7v~yvzvgv}v{GCWvAvQc
Bq^GyqtQh:">GyZO|9J.

Ef
q

GyvgvO*vO|v#Gyvqv(GFvOy+U<v9yv]vQhQICf@vwv(f|v9O*v?pvtvbyvzvqvtvQGA,pvwvDv+vQ|v#
$vvPgGyvvgvv(G|vv{@vvqvv+vvOpvv,@vvtvvQ*vvQGyvvAvvjvv+vv+vvQGyvvAvvwvv"vv(yvv(Fvv,GyvvPjSvv+vvTvvAvvqvv+vvO|vv"vv&GyvvwvvDvv+vvQ|vv#
GyvvqvvtvvQGA.vvvPyvvxy+U<vv9yvv]vvQhQICf*vvgvv}vv{=vv+vvhGyvvqvvtvvQGApvv,|vv"vvavvtvv?|vvgvv+"?pvv,GCGvv9d
!vvvqvvvTvvv&ChG::vvv9gGyvvvPj*vvvgvvv}vvv{<vvv&G6LvvvQhf,h<vvv9yvvvAvvv9[*vvv}vvvwvvv#Gyvvv=vvvgvvv̂G:SvvvAvvvqvvv9OI|vvv#
QLvv[CSvvgvv9QGC(GOGyvvTvvzvvhGyvvjvvPGFvv+vv?hGyvv=vvgvv̂G6LvvQ*vv}vvwvv"vv&G:SvvAvvqvv9OI|vv#GyvvOLvv(d
Gyvv;|vvRQfvv+vv?GyvvAvv,LvvZvvzvv(ffvvz+%vv9,vvv}vv9*vv}vvwvv#Gyvv=vvgvv̂GyvvDvv9yvvECf*vvTvvAvvqvv+vvO|vv#|vv"vv9pvvh
GyA(c+rChR*9OGJG !A9L,h$wPG.

pv,hFv(OGyvAvgvtv+vOGJGCAvgvz
q
vtv?<v9yv=vJv(KGyvRQGfv+v?,$v{*v}vwv#Gyv=vJv(KGyvRQGfv+v?Cf

7vvOaE]|vvTvv9fvvOIGyvvqvvtvvQGApvv,G}h\vv9YG:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?GyvvAvv,@vvgvv+vvWvv%vv9GC"vv9_vvu
Gyvqvtv+vQI?h$v{|v#Gyv]vQhQjCf@v"vqvP$vPgG}$vOGa<vWvwv{|vAv=v9*v#hyvwv{|v(svhCh|v"vavtv?
yvvv(IvvvOgCe*vvvwvvvqvvv,h\vvvhG _vvv9QGyvvvgvvv9ehVvvvQIvvv&yvvv7LvvvQ*vvv#<vvvJvvv+vvvE*vvv}vvvwvvv#Cf@vvvwvvv(f$vvvPg
Gy=J(KOy+{f}{|q+OMOeG@}+h?

pv,Gyv(GsvhGyvgv}v\,$v"v9cfv(G|v{fv̂GCTvAv(*v9JGyvtv(|v+v?hG svz+}v+v?hGCJvz+?;vOO
IvvGvv~$vvPgGyvv=vvJvv(Kh@vv(RYGC"vv9pvvhGyvv(GQOI|vv"vv%vv9.pvvgvv̂GCTvvAvv(iGyvvtvv(|vv,(GyvvtvvavvQ)@vvWvv}vv{
$vvvPgGyvvvgvvv(G|vvv{vvvv;

k
|vvv#:;vvvQ*vvvQG}Svvv(Gb,Gyvvv=vvv"vvv+vvv?GyvvvAvvvJvvvAvvv+vvv?GyvvvQ*vvvqvvv+vvv?,|vvvTvvvAvvv(*vvv9JOLvvv(d

G}pvvQGO,!vvTvv=vv?GyvvTvvwvv9fGyvvqvvtvvQGAGCtvv+vv}vv_pvv,GC"vv9_vvuGAvv]vvQ*vv?,h!vvTvv=vv?!vv}vv(GyvvTvvwvv9f.C|qvv9
fvvv̂GCTvvvAvvv(iG svvvz+~(Ivvv9pvvvdvvv?)ChGCJvvv\(|vvv"vvvavvvtvvv?)pvvvAvvvWvvv}vvv{$vvvPgGyvvvgvvv(G|vvv{vvvv;

k
|vvv#:

G}h\vv9YGC"vv9Lvv+vv?hGyvv=vv+vv8vv+vv?,<vv"vv+vv?CSvv(GbGyvvgvv}vv{Vvvwvv{@vv(R*vvhG}QG\vv,GyvvRQGfvv+vv?,Gyvv=vv"vv+vv?
GyAJA+?,s(iGyg}9y?hGC|ST9JGC(F(OI<9 \9p?E]Gyg(G|{G}LQiGC|CQI.

$vPgGyvgv(G|v{vv}v9!vQG$v9|vAvgvOOIhPGJG:v9$v9JJvAvzvqv?*vZvgv>Gyvgv}v{|vgv%v9<vWvwv{
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|vv"vvqvvQOhyvvPyvvx:<vvOq|vv#=vvgvv%vv9hGyvvAvvJvvwvv~6vv9hGSvvAvvMvv;UQsvv~
m

|vv"vv%vv9*vv}vvwvv#<vv&svv+vv9S
!vvvAvvv9FvvvGvvv%vvv9.<vvvWvvvwvvv{fvvv9e,@vvvtvvv(efvvv}vvvz+?@vvvQ|vvv+vvvRsvvvQGQGJGyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?<vvv9 Fvvv9<vvv?fvvv#
G}S8z?GyA9y+?:

vvvvv${G sz+~ChGytaQPhCS(GbhS+9S9J:9Q*?IQICe|(F%??

vvvvv${G sz+~ChGytaQPhOL(d|A(Sa?ChPhOL(d|"Mq]??

vvvvv${y5sz+~ChGytaQsOQI|"9L+?h<+8+?|Q@qg?Ch|"Mq]?yz"}(GyRQGf,?

vvvvv${Gy="+?GyAJA+?p,GyQ*rh_QbGy(Y(dE]G}S(GbF+OI?

vvvvv${G}F(Q|"Mq]?Ce|Q@qg??h<9yA9[${Gyg}9y?iR*QICe|"Mq]??

vvvvv${*}"KGyqtQGAGyTza?(29)?

$vPG,h*v}vwv#GSvAvMvOGeG Fv9<v9Jfv#$vPgG}Sv8vzv?vv}vGv}v(fv?Chyv(*v9JyvQhR!v9|v?
Gyv=vJv(KGyvRQGfv+v?GC;Fv}v?,vv}v9*v}vwv"v%v9GCTv9fvOIpv,fv}vz+?@v(R*vhGC(GQOhGSvAvMvOG|v97v9
\vv}vv#G svvz+~ChGC"vvavvtvv?ChGyvvtvvavvQ6vvOaLvvqvv̂GyvvqvvtvvQGyvv(_vv"vv,(G@vvOhdQsvv~(9vvvvv4))
hvvvvPyvvvx*vvv}vvvwvvv#$vvvPgG Fvvv9<vvv9J;vvvO*vvvO!vvv(YGyvvv=vvvJvvv(KG}vvvvDvvvQ|vvv;A|vvv?\vvv}vvv#vvvv{

q
Esvvvz+~

JA[.

$vvPG,h*vv}vvwvv#GSvvAvv"vv=vv9WChyvv(*vv9JQhR!vv9|vv?Gyvv=vvJvv(KGyvvRQGfvv+vv?Gyvv%vv9Opvv?E]|vvTvv9fvvOI
GyqtQGA,|#Gy=+9!9JhGCgz(|9JGyT9<t?,h$,@A}D{<96O:

1vvvvvR*vvv9OIE!vvvAvvv9LGyvvvTvvvzvvvhGyvvvjvvvPGFvvv+vvv?pvvv,GyvvvOhdGyvvvAvvv,|vvv9RGyvvvBpvvv+vvv%vvv9CSvvvgvvv9QGyvvvTvvvzvvvh
GyvvvjvvvPGFvvv+vvv?PGJ@vvvzCvvv+vvvQ$vvv9epvvv,G}Svvv(GbChPGJ|vvv+vvvRI@vvv"vvv9pvvvTvvv+vvv?pvvv,RQGfvvv?h!vvv}vvv($vvvPg
GCJvvv9Yvvv+vvv{.h$vvvPg@vvvWvvv}vvv{GyvvvOhd|vvv"vvvMvvvqvvv]vvv?GyvvvOLvvv(d<vvv9 \vvv9pvvv?E]GyvvvgvvvO*vvvO|vvv#GyvvvOhd
|vvAvv(Svvavv?GyvvOLvv(dGyvvAvv,D;vvQQ<vvgvvOCSvv(Gsvv%vv9h:vv9Q7vv9.yvvtvvO:IvvdvvBGyvvDvv(QIGyvvRQGfvv+vv?
GBvvv]vvvQGA<vvvTvvvQfvvv?GyvvvAvvvavvv(QGJGAvvv9Yvvvzvvv?pvvv,GyvvvgvvvO*vvvO|vvv#GC"vvv9_vvvuGyvvvRQGfvvv+vvv?GCQh*vvv?PGJ
GyvvvtvvvOQGJG !vvvAvvv9Fvvv+vvv?Gyvvvgvvv9y+?hvvvvPyvvvx;vvvTvvv_Gyvvvgvvv}vvv{pvvv,!vvvWvvv9_vvv9JGyvvv"vvv(*qvvv9JhGyvvv%vvv"vvvOSvvv?
Gyv(QGCv+v?hGyvAvtv"v+v9JGAv+v(*v?Gyv;R|v?yvR*v9OIGyvjv;d.pv,Gyv(svB!vqvTv&hFvOJEOGQICpv]v{
yvvvzvvv}vvvOLvvv;JGyvvvRQGfvvv+vvv?GBvvv9QFvvv+vvv?vvvv9}Svvv}vvvOIhGC=vvv+vvvOGJGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?h|vvv+vvv9gGyvvvQjGyvvvAvvv,
Svv9GvvB,h@vvTvv9$vv~,pvv,R*vv9OGJGyvvjvv;dhG !vvAvv9Fvv+vv?vvv}vv9Lvvq

q
vv]vvB|vv#GCWvv9vvv{Gyvv=vv+vv8vv+vv?

GyA,vDQJp,G6h!?G}L+QIp,GCRGQYGCwDq?y5!A9LGyRQGf,.

(29)GCZOQ!qT&.
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G@OhdQs~(9vvvvv4)
Chy(*9JGy=J(KGyRQGf+?Bq^GyqtQhpt9

k
ya=+g?G sz+~ChGC"at?

S}9J

G sz+~
<+8?;A+?F+OI<+8?;A+?\g+q?

f}9y?RGFOIf}9y?\g+q?f}9y?RGFOIf}9y?\g+q?

sOQI

|"Mq]?
sOQI

f9y+?
sOQI

|"Mq]?
sOQI

f9y+?
sOQI

|"Mq]?
sOQI

f9y+?
sOQI

|"Mq]?
sOQI

f9y+?

saQ|A(SbGyOL{

CS(GbIQQI5,3,2,18,5,3,26,4,18,6,47,5,3,18,5,37,6,4,18,6,4

CS(Gb|(F%?5,3,2,18,5,3,2,16,4,18,6,4,19,7,5,3,18,5,3,19,7,6,4,18,6,4,1

saQ\g+rGyOL{

CS(GbIQQI5,38,5,3,2,18,5,4,28,6,5,4,2,19,7,5,3,19,7,5,3,19,7,5,4,19,7,5,4,1

CS(Gb|(F%?9,5,3,19,8,5,3,19,8,5,4,19,8,5,4,19,7,5,3,19,7,5,3,19,7,5,4,19,7,5,4,1

GCZvvvvvvvvvvvvvvvOQ:Peter B. R. Hazell and Lawrence James Haddad, «Agricultural Research and Poverty

Reduction,» (2020 Vision; Brief 70, International Food Policy Research Institute (IFPRI), Washington,

DC, 2001).

|v;Ivdv?:Chyv(*v9JGyv=vJv(KGyvRQGfv+v?$v,:1vvvvE!vAv9LivPGA\vQhQj.2vvvvIv9Yv+v{fv9y+?Gyvtv+v}v?+CVvGv9Q
|vvDvv}vvQI+Ivv+vv(G!vv9J.3vvvv!vv}vv(fvv}vv9yvv?|vvwvvDvvqvv?.4vvvvR*vv9OIE!vvAvv9Fvv+vv?Gyvvgvv}vv{.5vvvv|vvRGQYYvvjvv+vvQIGAvvGvv~.6vvvv|vvRGQY
|vvvAvvv(Svvvavvv?hvvvv=vvv+vvvQIGAvvvGvvv~.7vvvv|vvvgvvvO:J|vvv"vvvMvvvqvvv]vvv?yvvvzvvv}vvvOLvvv;JGBvvv9QFvvv+vvv?.8vvvv|vvvgvvvO:J|vvvQ@vvvqvvvgvvv?yvvvzvvv}vvvOLvvv;J
GB9QF+?.9vvvvIA(iGyAjP*?yzTzhGyjPGF+?.

2vvvvvR*vv9OIG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?pvv,GyvvgvvO*vvO|vv#G}QG\vv,G}svv{@vvqvv]vv+vv;
k
yvv;SvvAvvDvv}vv9Q

(Less-favored Lands),hEfvvvvavvvv9AG$vvvvAvvvv}vvvv9eLvvvv9Uyvvvvzvvvv}vvvv"vvvv9_vvvvuGyvvvvwvvvvDvvvv+vvvvqvvvv?GyvvvvTvvvvwvvvv9fhPGJ
GyvvvtvvvOQGJG !vvvAvvv9Fvvv+vvv?GC"vvvMvvvqvvv]vvv?(Low Potential Areas)hvvvvPyvvvxyvvv=vvvgvvv̂G}QG\vvv,PGJ
GyvvtvvOQGJG !vvAvv9Fvv+vv?Gyvvgvv9y+?(High Potential Areas)hGCJvvOOIG !vvAvv9L<vvqvvgvv{Gyvv=vv+vv8vv?GyvvAvvJvvAvv+vv?
Gyvvv]vvvgvvv+vvvqvvv?hYvvvgvvv(<vvv?Gyvvv(Yvvv(dE]G}Svvv(Gb.6vvvPgGC"vvv9_vvvu*vvvqvvv]vvv{GSvvvAvvvMvvvOGe!vvv}vvv9PL|vvv#
Gyvv=vvJvv(KGyvvAvv,@vvgvv}vv{fvv̂;vvTvv_GyvvTvvzvvhGyvvRQGfvv+vv?|vvDvv{:GC=vv+vvOGJ,G}|vvQGV,|vvtvv9h|vv?
G@vqv9avv(8v9\vQhQ*v?yv%v9.E:Cf

q
GyvAvJvTv+"9JG}Sv9Sv+v?yv%vPgGC"v9_vuGyvAv,;vAv{G}hyv(*v?

G}h]@vvAvv}vvDvv{<vv{OGQIGC(GQOGyvvavv=vv+vvgvv+vv?G}pvv]vv{(Better Natural Resources Management)

6vvOa;vvTvv_:fvv}vvuGyvvAvvQ<vv?,GC9OIGyvvgvv]vv(*vv?,GBvvZvv(<vv?,IvvAvv(iGyvvAvvQ<vv?|vv#Gyvvgvv"vv9YvvQ
GyvjvPGFv+v?,Gyv=v"v+v?GyvAvJvAv+v?Gyv]vgv+vqv?hvv+vqv+v?Gyv(Yv(dE]G}Sv(Gb.$vPgGyvTv}v9Jyvzv}v"v9_vu
G}svv{@vvqvv]vv+vv;

k
:vvgvv{GSvvAvvMvvOGe|vvTvvAvv(*vv9Jfvv9y+?|vv#GCOLvv;JGyvvRQGfvv+vv?GBvv9QFvv+vv?ivv+vvQ

GsvAvZv9O*v?.yvPyvx;vQUG OGQIfv̂@vgv(*v̂GCRGQfv_pv,$vPgGC"v9_vu,<vWvwv{Iv(GpvR
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Ch|vvwvv9pvv5J,yvvAvvavv(*vvQfvv}vvz+?GSvvAvvMvvOGeGCOLvv;JGyvvRQGfvv+vv?GBvv9QFvv+vv?,Lvv9Yvv?GyvvAvvtvv"vv+vv?
|vv"vv%vv9,hGyvvAvv,@vvgvv}vv{fvv̂R*vv9OIGyvvgvv}vv9yvv?GyvvRQGfvv+vv?hfvv̂R*vv9OIE!vvAvv9Fvv+vv?G}QV,pvv,Ivv_
@vvgvv}vv{@vvtvv"vv+vv9J;vvTvv_GCJvv9Yvv+vv{GyvvjvvPGFvv+vv?fvv̂@vvz|vv_G:IvvAvv+vv9Fvv9JGCJvvz+?GyvvjvvPGFvv+vv?GyvvAvv,
LvAv9Fv%v9GyvqvtvQGApv,GC"v9_vuPGJGyvtvOQGJG !vAv9Fv+v?Gyvqvtv+vQI.C|qv9GyvR*v9OGJGCTvAv}vQIpv,
OLvv(dG}pvvQGOpvvTvv(a@vvQ@vv=vvb<vvAvv"vv(YGC"vvAvvGvv9JGyvvRQGfvv+vv?PGJGyvvtvv+vv}vv?Gyvvgvv9y+?|vv#Fvv%vv?
h<9y"W9_9JGy;RQGf+?|#F%?CLQi.

3vvvvv|vTv9fvOIYvjv9QGCRGQfv_fv=vQGyvAv"v(YGyv(GSvhyvzv}v"vAvGv9JGyvRQGfv+v?fv9y+?Gyvtv+v}v?
Lvv9Yvv?pvv,GyvvOhdhGC"vv9_vvuPGJG}Svv(GbGCJvvz+?SvvQ*vvgvv?Gyvv"vv}vv(yvv%vvPgGC"vvAvvGvv9J(ivv9yvv=vv9

k

Ohd|vvAvv(Svvavv?GyvvOLvv(d)Ch@vvTvvAvvavv+vvhGyvv(Yvv(dE]CSvv(GbGyvvAvvZvvO*vvQGC"vv9Svv=vv?.C|qvv9GCZvv9OQ
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v
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Gy"d~GyRQGf+?GCAOGLz?\}#<QG|HC<J9C%9.
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hKvv>C:*vvjvv+vv>fvv#<vv9dCIvvOCf
q

GCGvvAvv}vvhGyvvOh[*vvTvv+vvQ|vvh<vvOG*vv?GyvvtvvQfGyvv(GIvvO
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GyvvAvvwvvAvv;JG:svvAvvZvv9O*vv?GyvvAvvGvv9Q*vv?G svvz+}vv+vv?GC"vv]vv}vv?Ey+%vv9hG:@vvqvv9svv9JGyvvAvvGvv9Q*vv?G}LvvQi,
|QIz?FO*OI|A}+RI.
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$vvPgGyvvOhdOhQG

k
CvvvDvvQ!vvWvv9_vv9

k
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(1)E. Diaz-Bonilla and S. Robinson, Globalization, Trade Reform, and the Developing Countries

(Washington, DC: International Food Policy Research Institute (IFPRI), 2001).
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G svvvz+}vvv+vvv?|vvvDvvv{:G@vvvqvvv9svvv+vvv?GyvvvAvvvGvvv9QIGAvvvQIyvvvOhdC|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?(The North American

Trade Agreement (NATA));GyvvvTvvv(bGyvvvgvvv9|vvv?@vvv"vvv(Hvvvv(P(Southern Cone Common

Market);GC"vdv}v?G6Sv+v(*v?vvvvvGyv=v9Sv+vqv+vwv+v?yvzvAvgv9hfG:svAvZv9Oj(Asia-Pacific Economic

Cooperation (APEC));|vvvvv"vvvvvavvvvvtvvvvv?GyvvvvvAvvvvvGvvvvv9QIGAvvvvvQIG}|vvvvvQ*vvvvvwvvvvv+vvvvv?(Free Trade Area of the

Americas (FTAA))GyvvvvAvvvv,vvvvv9!vvvvBivvvv+vvvvQ!vvvv9\vvvvGvvvv?<vvvvgvvvvOCCvvvv"vvvv9AFvvvv(yvvvv?G}hQhivvvv(Gj,hsvvvvO
CYv=vJvBG6fCvvDvQVv%vQI|v#G:@vqv9sv9JGyvDv"v9Fv+v?hGCAvgvOOIyvqvAvKGC"v9_vuGAvQIyvzvwvDv+vQ|v#
GyvvvOhdGyvvvgvvvQ<vvv+?.vvvv}vvv9@vvv(SvvvgvvvBGyvvvAvvvwvvvAvvv;JhG:@vvvqvvv9svvv9JGyvvvAvvvGvvv9Q*vvv?G svvvz+}vvv+vvv?pvvv,v

o
vvv{
q

|vvv#
C|vvvQ*vvvwvvv9hBSvvv+vvv9hC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?hEvvv9SvvvwvvvBvvvvDvvv+vvvQG

k
.hQivvv~PyvvvxpvvvtvvvOcvvv%vvvQJ|vvvWvvv9vvvv{

FvO*vOIpv,$vPgG}sv9y+~,pvqv,sv9QIBSv+v9,GyvAv,@vgvAv=vQGC(QOG}vv=vQyvzvavzv>GyvZv9pv,fv̂
GC"vAvGv9JGyvRQGfv+v?Gyvgv9C+v?,svOG!vMvqv]vBpv+v%v9GyvOLv(dh<v9yvAv9[G!vMvqv̂Gyvavzv>Gyvwv\,
vvv}vv9RGOJpvv+vv%vv9GyvvgvvGvv(RGJGyvvAvvGvv9Q*vv?!vvAvv+vvGvv?G}R|vv9JGC9y+?GyvvAvv,IvvOCvvBpvv,<vvgvv]vv%vv9,
Iv+vEo@v=vzv(QJ!vAv9FvH@vzvxG}R|v9JFvRFv+v9

k
<vR*v9OIGyvgvGvRGyvAvGv9QjG}|vQ*vwv,,|v9sv9OE]

\vvjvv(W>vv9Fvv+vv?.vvvPyvvxsvv9OJG}Svvgvv9QGyvvRQGfvv+vv?Gyvvgvv9C+vv?GC"vvMvvqvv]vv?hGyvvqvv(GFvv̂GC9y+?E]
R*vv9OIGyvvavvzvv=vv9J Yvv;MG}Svv(GbGC(Fvv%vv?hLvv9Yvv?GyvvRQGfvv+vv?|vv"vv%vv9,hsvvO\vv}vv#Pyvvx
GyvvQFvv+vvUG}|vvQ*vvwvv,GyvvTvv9<vvuvvvz+"vvAvv(ffvv=vvQEFvvQGA|vv=vv9IvvDvv9J:vv9Q*vv?|vvAvv"vv(fvv?.C|qvv9pvv,ChQh<vv9
pvvzvv~@vv=vvO

o
GyvvAvvjvv+vv+vvQGJpvv,GyvvTvv+vv9Svv?GyvvRQGfvv+vv?hG\vvJvv?vvvqvv9*vv?yvvw

o
vv{
q

|vv#GC(G!vvhhGyvvqvv(GFvv̂
GyRQGf+?GCA"9|+?GyA,C\QqJ<9C"AG_GyRQGf+_p,GyOhdG}LQi.

yvvvtvvvOh\
q
vvvJvvvBG}R|vvv9JGC9y+?Gyvvvgvvv9C+vvv?GyvvvAvvvgvvvtvvv+vvvOGJGBvvv9Yvvv?<vvv9yvvvAvvvJvvv(*vvv;JGC9y+?

Gyvgv9C+v?,hsvOSv=v>PyvxEQ<v9vv9
k

h7vO*vOG
k

,fv̂GCOiGyvav(*v{,yvzvTv(bGCqvAv(Iv?G}vv=vQ.
yvPyvxGfvAv=vQJfv}vz+?@v"vdv+v~h@v"vTv+vuSv+v9Sv9JG:svAvZv9OGyvwv\,hEfv9OI@vZv}v+v~$v+vwvz+?
GyvvAvv}vv(*vv{Gyvvgvv9C+vv?,yvvAvvZvv=vvKCvvvDvvQ|vvQh!vv?|vv#G}|vv(QG}vvvDvvQCGvv+vv?,fvv̂G}svv{,C=vv9IvvDvv9J
|vvv"vvvdvvv}vvv?GyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?6vvvOaGyvvvAvvv(Svvvhpvvv,GyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?.hfvvv=vvvQfvvv}vvvz+?GyvvvAvvvJvvv]vvv+vvvQ
:SAw}9dGC=9ID9JGyAG9Q*?G@O*OI*q]{fQVGy"t9WGyA9y+?:

CvvvvvGSAw}9ds9F}?|=9ID9JG}hQhi(Gj

pv,Iv_svz
q
v[GyvgvO*vO|v#GyvOhdGyv"v9|v+v?Sv+v9Sv9@v&GyvRQGfv+v?GCJvz+?GCWv(q$v?<vWvwv{

hG\vK,pv{f
q

GC"v9pvhChGyvgv(GFvOGCqvQIv?Gyvgv9FvOIyv%vPgGyvOhdhyvzvgv9D,@vAv}vDv{<v9CTv9fvOGJ
Gyvv(GQOIfvv=vvQGyvvOhdGCAvvavv(QI.h|vvhPyvvx;vv9hdGyvvOhdGyvv"vv9|vv+vv?pvv,GC=vv9IvvDvv9JGCTvvAvvtvv=vvz+?
C"vvdvv}vv?GyvvAvvGvv9QIGyvvgvv9C+vv?Gyvvgvv}vv{fvv̂Lvvqvv̂|vvTvv9fvvOGJGyvvAvvZvvO*vvQGyvvtvvavvQ*vv?GyvvAvv,@vvtvvO|vv%vv9
GyvvvOhdGCAvvvavvv(QIyvvvw

o
vvv{
q

|vvv#GC"vvvAvvvGvvv_hGCZvvvOQ*vvv#yvvvO9vvv9.E\vvv9pvvv?E]PyvvvxSvvvAvvvJvvv9hd$vvvPg
GyvOhdGyv"v9|v+v?|vQGsv=v?GCWv9Q*vhGyvAvGv9Q*v?GAvwv(|v+v?hG|vAvOGO$v9hE!vWv9AE_v9Qfv}v{|vAvwv9|v{
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yvvzvv}vvTvv9fvvOGJGyvvjvvPGFvv+vv?hsvvQhVGyvvAvv}vv(*vv{GyvvAvv,SvvAvvtvvO|vv%vv9GyvvOhdGCAvvavv(QIyvvzvvOhdGyvv"vv9|vv+vv?.
<vv9yvv"vvTvv=vv?E]GCTvv9fvvOGJGCJvvz+?pvv,GyvvOhdGCAvvavv(QI,;vv9hdGyvvOhdGyvv"vv9|vv+vv?EKvv9OIvvOOGJ
E\vv9pvv+vv?@vv]vvgvv%vv9fvv̂GyvvOhdGCAvvavv(QI<vvMvvZvv(U|vvOpvv(fvv97vv9CRGQfvv+vv%vv9.C|vv9GyvvOhdG}svv{
@vav(QG

k
hGyvOhdGyv"v9|v+v?(<vzVvwv9yv%v9GCAv=v9*v"v?h<vJvTv>h\vhv

o
v{
q

|v"v%v9),pv+vTv}vKyvw
o
v{
q

|v"v%v9
<v9AvZv(dfv̂|vgv9|vzv?Lv9Yv?pv,=v+vhGCGv9:J,GyvAv,svO@vwv(f|v|C?CIv+v9!v9

k
,pv,Iv9yv?

fOeGSAMOGe$PgGyOhy?Gy"9|+?Iw}A%9GCQ!?.

EPGQivvv=vvvBGyvvvOhdGyvvv"vvv9|vvv+vvv?;vvvtvvv+vvvuGyvvv"vvvGvvv9Mpvvv,@vvv"vvv(*vvvhsvvvavvv9fvvv97vvv9GyvvvRQGfvvv+vvv?,Kvvv>
fvvz+%vv9GyvvAvv(Svvh<vvgvv}vvz+?Gyvv(Yvv(d}Svv(GbGyvvOhdGCAvvavv(QI,hvvvPyvvxKvv>fvv̂GyvvOhd
GCAvvavv(QIR*vv9OIIvvGvv~|vvTvvAvv(QOG7vv9<vvJvv+vvE@vvTvv}vvK,\vv}vv#GyvvTvv+vv9Svv?GAvv9y+?yvvzvvAvvgvvQ*vvqvv9J
hG}!vZv=v?,<v}vQGsv=v?$vPgGyvAvgvQ*vqv9JhG}!vZv=v?,hFvgvzv%v9CvvDvQVvqv9pv+v?hG@vRG!v9

k
,E\v9pv?

E]@vvtvvz+[GyvvAvvgvvQ*vvqvv9JGCQ@vvqvvgvv?yvv=vvgvv̂GC"vvAvvGvv9JG}Svv9Svv+vv?hGSvvAvvwvv}vv9dfvv}vvz+?;vvO*vvO
GyAgQ*q9J.

Hvvvvv|QGf9IGIA+9F9J|gd~GCJA9F_

6vvvOaGSvvvAvvvwvvv}vvv9dFvvv(yvvv?G}hQhivvv(Gj,pvvvtvvvOhGpvvvuhRQGAGyvvvAvvvGvvv9QIGCWvvv9Qvvvv(fpvvv,
GC|EvvQG}Lvv+vvQyvvzvv}vv=vv9IvvDvv9Jfvv̂<vv+9f*vvPvvvQ<vv9yvvtvvzvvuGBvv9UyvvzvvOhdG}svv{@vvavv(QG

k
(Least-

Developed Countries)hyvvvvzvvvvOhdGCTvvvvAvvvv(QOIGyvvvvZvvvv9pvvvv+vvvv?(Net-Food Importing Countries)

yvvzvvjvvPGA.h*vvWvv}vv{$vvPGGyvvtvvzvvufvv}vvz+?GyvvAvvJvv]vv+vvQyvvzvv}vvTvv9fvvOGJGyvvjvvPGFvv+vv?GC"vv9Svv=vv?,h@vvgvv}vv+vv~
G:IvvvAvvv+vvv9_vvv,hGCTvvv9fvvvOIGyvvvAvvvtvvv"vvv+vvv?,GyvvvOfvvv~GC9[yvvvAvvvavvv(*vvvQGyvvvRQGfvvv?pvvv,GyvvvOhdGCPvvvv(QI,
hGyvvAvv(Svvhpvv,GyvvAvvTvv%vv+vv;JGC9y+?C(GFvv%vv?GyvvZvvgvv(<vv9JGC9y+?GyvvAvv,@vv(GFvv&$vvPgGyvvOhdpvv,
fvv}vvz+?GSvvAvv+vvQGOGyvvjvvPGAh<vvMvv9Yvv?pvv,GCOiGyvvtvvZvv+vvQ.pvv,Ivv9yvv?@vvtvvzvv>G}Svvgvv9QGyvvgvv9C+vv?
<vvWvvwvv{vvv=vv+vvQ,ChEPGD@vvtvv~GyvvTvv+vv9Svv9JGyvvRQGfvv+vv?pvv,GyvvOhdGCAvvavv(QI<vv9 Yvv;Ivv9J
Gyvvv;R|vvv?<vvvgvvvO,pvvv{fGyvvvOhdG}vvvvDvvvQpvvvtvvvQG

k
svvvO@vvvqvvvtvvvO_vvvQbGyvvv(Yvvv(dE]fvvvQVGyvvvjvvvPGA

<v9}Svgv9QGC;Fv}v?yv%v9.h<vTv=v>@v"v9sv[JvRhfGAv=v(HGyvgv9C,vvGvRA|v#G:SvAv%v;c,
Kvv>|vvQGsvv=vv?G}Svvgvv9QGyvvRQGfvv+vv?QSvv}vv+vv9

k
h<vvgvv"vv9*vv?VvvO*vvOILvv(pvv9

k
|vv#@vvZvv9fvvO$vv9.vvvPyvvx

Kv>fv̂GyvOhdGCAv=v9IvDv?Cf@vgv}v{fv̂;vTv_By+9JGyvgv}v{<vJv+vE:@vgvav,;vP*vQGJ
|vv=vvwvvQIfvv#Ivv9:J!vvtvv[GyvvjvvPGAGyvvwvv9|vv"vv?,hLvvqvv̂fvv}vvz+9J!vvtvv{GyvvjvvPGA,h@vvwvv9y+r
GyvvAvvMvvR*vv#<vv9 \vv9pvv?E]@vvtvvO*vv~GCTvv9fvvOGJGyvvjvvPGFvv+vv?Gyvv%vv9Opvv?hGyvvAvvTvv%vv+vv;JGC9y+?GCDvv̂
yzJ9:JGya9QF?.

Ef
q

@vvvzCvvv+vvvQGyvvvAvvvjvvv+vvv+vvvQGJpvvv,GyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?hGyvvvTvvv+vvv9Svvv9JGyvvvRQGfvvv+vvv?fvvv̂v

o
vvv{
q

|vvv#
GCTvvAvv%vvzvvwvv_GyvvqvvtvvQGAhGC"vvAvvGvv_,$vv,|vv(\vv(YGC"vv9svvWvv?GyvvAvv,@vvAvv}vvDvv{C$vvOGpvv%vv9<vv9yvvAvvzvvv+vvOfvv̂
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;vvtvv+vvuGyvvAvv"vv}vv+vv?h:vv"wvv>GyvvqvvtvvQ.h$vvPGyvv#*vvAvvJvvtvvu<vvgvv}vvz+?@vvWvv(*vv&GyvvAvvGvv9QIhGyvvAvvOLvv{pvv+vv%vv9
(Trade Distorting Intervention)GyvvAvv,@vvgvv}vv{fvv̂pvvQVGyvv]vvQGFvv>fvv̂GCTvvAvv%vvzvvwvv_(|vvh

fvv>Avvv=vv+vvQfvv̂GyvvqvvtvvQGA),Ch<vvWvvwvv{Efvv9!vv9JIvv+vvEo@vv(RYGyvvgvv9FvvOGJGC9y+?Gyvv"vv9OQIfvv̂
<vvQG|vvHivv+vvQ|vvqvv+vvOI.pvv,cvv{

q
G:@vvqvv9svv9JGyvvAvv,@vv~qGyvvAvv(Yvv{Ey+%vv9pvv,Fvv(yvv?G}hQhivv(Gj

G}Lvvv+vvvQI,hFvvvOJ|vvv"vvv9pvvvTvvv?ivvv+vvvQfvvv9Oyvvv?@vvv]vvvQQ|vvv"vvv%vvv9GCRGQfvvv(fGyvvvqvvvtvvvQGAvvvv}vvvTvvv9fvvvOGJ
GyvZv9OQGJGyvRQGfv+v?GyvAv,CYv=vJvBG6f<vJvwv~GCgvQpv?ChGC=vOEhpv,Gyv(svB!vqvTv&@vTv}vK
G:@vvqvv9svv+vv?yvvzvvOhdGyvv"vv9|vv+vv?<vv9:SvvAvv}vvQGQ<vv}vvgvvdvv~Svv+vv9Svv97vv9GyvvRQGfvv+vv?hG:FvvAvv}vv9fvv+vv?GCQ@vv=vvavv?
<9yA"}+?GyRQGf+?h:">GyqtQ.

LvvvvvF(G!>:9Q*?CLQi|Q@=a?<9:@q9s+?

EvvDvv{GC"vvAvvGvv9JGyvvRQGfvv+vv?GCgvvOqyvv?hQGCvv+vv9
k

;vvO*vv9
k

FvvO*vvOG
k

:@vvqvv9svv+vv?G}hQhivv(GjC9Lvv+vvb
6vv9h<vvAvvtvv"vv+vv97vv9|vv#IvvTvv9Svv+vv?Lvv9Yvv?<vv9yvvjvvPGA.h<vv9yvvAvv9[*vvAvvQ@vv>fvv̂CYvvJvv9HGyvvtvvQGQGJ
GyvvTvv+vv9Svv+vv?|vvgvv9@vv?JvvAvvzvvrGyvv"vvtvv9WGyvv(QGCvv+vv?GCJvv+vvavv?6vvPgGyvvAvvtvv"vv+vv?fvv=vvQfvv}vvz+9JGyvvAvvJvvz+{
GyvvOsvv+vvtvv?yvvzvv}vvMvv9_vvQGyvv"vv9:vv?fvv"vv%vv9fvv̂YvvJvv?G !vvTvv9fhfvv̂GyvvAvv"vv(YGAvv+vv(j.Ef

q
Gyvv"vvtvv9Vvv9J

GAvv9y+?@vvOhQ<vv+#vvv+vvqvv+vv?GyvvQ<vvb<vv+#GyvvAvvGvv9QIhGyvvgvv}vv{hGyvv=vv+vv8vv?,6vvOa|vvgvvQpvv?|vvAvvavvzvv=vv9J
G}|#y;IA+9F9JGCMAzq?h;O*OGCt9*+UGy=+8+?f^:9QIGyRQGf?.

OvvvvvG}f]9AG@OOp,|"d}?GyAG9QIGyg9C+?

*vvgvvAvv=vvQOLvv(dGyvvZvv_,vvvzvvv=vvQ|vv"vvAvvHRQGfvv,pvv,Gyvvgvv9DCj20pvv,GC8vv?|vv#G !vvAvv9L
GyvvvRQGfvvv,Gyvvvgvvv9C,,C"vvvdvvv}vvv?GyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?fvvv9e2001,hGIvvvAvvv}vvv9:JOLvvv(dv

o
vvv{
q

|vvv#
QhSvv+vv9G:;vv9O*vv?hChvvvQG!vv+9h@vv9*vv(Gfhpvv+vv+vvAvv"vv9ehGyvvTvvgvv(O*vv?|vv#GyvvOhdGyvvgvvQ<vv+?,*ovvgvvAvv=vvQPG
CGvvv+vvv?vvvv=vvv+vvvQI!vvvdvvvQG

k
E]vvvv(f$vvvPgGyvvvOhdpvvv9fvvvz+#CSvvv9Svvv+vvv_fvvv̂v

o
vvv{
q

|vvv#Fvvv9!vvv=vvv,GyvvvgvvvQV
hGyaz>y~S(GbGyRQGf+?Gyg9C+?.

$vvvvvvvG:sAZ9OGyT+9S,yz}=9ID9JGyAG9Q*?

yvvvvvtvvvvvOvvvvvv9!vvvvvBGyvvvvvRQGfvvvvv?Lvvvvv;dFvvvvv(yvvvvv?G}hQhivvvvv(GjG}Lvvvvv+vvvvvQIFvvvvvRAG
k
|vvvvv%vvvvv}vvvvv9

k
h|vvvvvz+8vvvvv9

k

<vvv9C=vvv9IvvvDvvv9J,<vvvJvvv+vvvESvvv}vvvJvvvByvvvzvvv}vvvAvvv=vvv9IvvvDvvv_;vvvO*vvvOIvvvGvvv~GyvvvAvvvGvvv9QI(Trade-Off)<vvv+#
GCGvv}vv(fvv9JGyvvRQGfvv+vv?hGCGvv}vv(fvv9JGyvv;RQGfvv+vv?GCTvvAvvqvv+vvOI\vv}vv#GyvvOhd.yvvtvvO@vv~qGyvv]vvjvvb
fvv̂Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hG:;vv9OG}hQhNBvvqvv̂GyvvAvvwvv9y+rGC9y+?fvv̂GyvvOfvv~
GyvvvRQGfvvv,,vvvv(fG}Svvv(GbGyvvvgvvv9C+vvv?|vvvAvvv%vvvO|vvv?h|vvvWvvv(Vvvv?<vvvWvvvwvvv{hG\vvvKpvvv,Fvvv(qIvvvQH
GCTv9fvOGJG}hQh<v+?vvvvvG}|vQ*vwv+v?.Iv9y+9

k
*v(GFv&GCAv=v9IvDv(fFv(G!v>|vAv=v9*v"v?|v"v%v9GyvAvJvTv#

Gyvvv"vvvTvvv=vvv,yvvvzvvv(\vvvhGC9[yvvvzvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?,hLvvvqvvv̂GyvvvgvvvGvvvRGC9[yvvv;;vvv9O
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G}hQhNh<vvvtvvv9AGyvvvOfvvv~GC9[GCQ@vvvqvvvhyvvvzvvv}vvvRGQfvvv_pvvv+vvv%vvv}vvv9.yvvvtvvvO;vvvTvvv#h\vvvhsvvvTvvv~|vvv#
G}Svvv(GbGyvvvRQGfvvv+vvv?GCAvvv%vvvO|vvv?,vvvv}vvv9@vvvtvvvzvvv[IvvvGvvv~GyvvvOfvvv~GyvvvAvvvZvvvO*vvvQjC"vvvAvvvGvvv9JRQGfvvv+vvv?
fvvvO*vvvOIhOhfGCTvvvAvvv(*vvv9JGCJvvvOOIpvvv,Fvvv(yvvv?G}hQhivvv(Gj,pvvv{PG|vvv9Qv

q
vvvRJGC=vvv9IvvvDvvv9J

GAvv9y+?fvv̂GyvvRQGfvv?,vvvGvvRA|vv#G@vv(G!vv>G}LvvQivvv}vv9vvv9fpvv,GC9\vv,,pvv+vv}vvwvv#$vvPg
GC=vv9IvvDvv9JGyvvRQGfvv+vv?G@vvO*vvOIC"vvdvv}vv?GyvvAvvGvv9QIGyvvgvv9C+vv?Cf@vvgvvQqah;vvOO<vv(\vv(Mvvv=vv+vvQ*vv#
Vvvwvv{G Yvv;MGBvv9U<vv9yvvTvv+vv9Svv?GyvvRQGfvv+vv?Gyvvgvv9|vv?yvv;;vv9OG}hQhNhyvvzvv(:*vv9JGCAvvJvvOI
G}|Q*w+?.

4vvvvvOhQGyOhdGy"9|+?p,GC=9ID9JGyAG9Q*?G@O*OIC"d}?GyAG9QIGyg9C+?

@vvWvv+vvQ!vvAvv9FvvHGC(O*vv{GyvvQ*vv9\vv,GBvv9U<vv9yvvTvv+vv9Svv9JGyvvRQGfvv+vv?hGyvvAvvGvv9QIGyvvTvvzvvgvv+vv?
Gyvvgvv9C+vv?GCAvv(svvgvv?yvvgvv9e2020GyvvPj_vv(qQgGyvv=vv9IvvDvv(fpvv,|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGA
Gyvvvgvvv9C,pvvv,hGVvvv"vvvavvv#(IFPRI),Cf

q
G::vvv9$vvv9JGyvvvtvvvO*vvv}vvv?yvvvzvvv"vvv}vvv(GyvvvRQGfvvv,SvvvAvvvTvvvAvvv}vvvQpvvv,

Gyvvgvvtvv(OG}h]|vv#GyvvtvvQfGAvv9[C*vv]vv9
k

|vvh:vv9QIfvv9C+vv?pvv,GyvvTvvzvvhGyvvRQGfvv+vv?CvvvDvvQCGvv+vv?|vv#
GC9\vv,,Ivv+vvEo@vvWvv+vvQESvvtvv9_vv9JGC(O*vv{GCPvvv(QCf

q
GyvvOhdGyvvAvv,;vvtvvuGyvvqvv9FvvOIGyvvAvv"vv9pvvTvv+vv?

Sv(a@vTvAvqv+vO|v#R*v9OIGyvAvMvZv[pv,G !vAv9LGyvRQGfv,.h<v9yvgvwvUpv{fGyvOhdGyv"v9|v+v?,
vvv;fvv=vv_Yvvjvv9Qpvv,GyvvTvv9Ivv?GyvvOhy+?,Kvv>Cf@vvWvv9Qc<vvWvvwvv{pvvgqvv9dpvv,@vvZvv}vv+vv~h@vv"vvqvv+vvP
Gyvvvtvvv(GfvvvOGyvvvOhy+?GyvvvAvvv,;vvvO|vvv#svvvOQIGyvvvOhdGyvvvwvvv=vvv+vvvQI,vvvv;fvvv=vvv_vvvv=vvv9Q,pvvv,GyvvvAvvvZvvvQa
<vvv}vvvtvvvOQGJGCGvvvAvvv}vvvhGyvvvOh[<vvvWvvvwvvv{CIvvv9OjG@vvv9!vvv>.$vvvPG,h*vvv}vvvwvvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?Cf
@vvvAvvvjvvvzvvv>fvvv̂<vvvgvvv̂GCJvvvOOGJGyvvvAvvv,h\vvvgvvvAvvv%vvv9GyvvvOhdGCAvvvavvv(QI<vvv{fvvv9OI@vvvZvvv"vvv+vvvrGyvvvtvvv(i
GyvvvTvvv+vvv9Svvv+vvv?GyvvvOhy+?<vvvJvvv+vvvE;vvvtvvvu|vvvqvvv%vvv(eGyvvvgvvv}vvv{G@vvv}vvv9fvvv,fvvv(\vvv9

k
fvvv#|vvvqvvv%vvv(eGyvvvgvvv}vvv{

GyvqvQOj;pv}vDv;
k
*v}vwv"v%v9E!vWv9A;v9yvr|v=v"v,fv̂@vtv9Sv~GyvtvzvuGyvTv+v9Sv,vv}vGv}v(fv?vv+vQ!vR

ivvQhH(Cairns Group).$vvPGGyvvAvvJvv9yvvrChGyvv"vv}vv(PL*vv}vvwvv"vv&Lvvqvv̂GyvvAvvwvv9y+rGyvvDvv9<vvAvv?
yvzv}v=v9IvDv9Jfv#_vQ*vu!vWvQGyvAvtv"v+v9JG@vO*vOIGyv"v9OQIfv̂G}svav9QyvAvTv}vKyv%v9<v9SvAvMvOGe
Cp]{6Oa;T_h\g%~GCgQp,69h<9yA9[;T#h\g%~GyjPGF,.

E!vv&|v#Gyv(G\vKhGyv]vQhQjCf@vwv(fGyvOhdGyv"v9|v+v?CvvDvQ!vWv9_v9
k

h|vWv9Qvv?h|vgvQpv?
pv,GyvAvGv9QIGyvgv9|v?hGC=v9IvDv9JGC9y+?,hvvPyvxpv,|v=v9IvDv9JGyvAvGv9QIGyvRQGfv+v?:!vgvwv9S
PyvvxEKvv9<vv9

k
fvvz+%vv9.pvv,$vvPGGBvvZvv(U*vv}vvwvv#Gyvvtvv(dEf

q
<vv9IvvDvv,|vvgvv%vvO<vvJvv(KSvv+vv9Svv9J

GyvvvjvvvPGAGyvvvgvvv9C,Svvv+vvvTvvvAvvv}vvvQhf<vvv{YvvvOGQGyvvv"vvvWvvvQGJhGyvvv=vvv+vvv9!vvv9Jh;vvvz+{GyvvvTvvv+vvv9Svvv9JGCAvvvgvvvzvvvtvvv?
<vv9yvvAvvGvv9QIGyvvgvv9C+vv?hG:svvAvvZvv9OGyvvwvv\,Ivv9hyvv?|vv#GCgvv%vvOGCPvvv(QyvvAvv(\vv+vvKGyvvTvv+"9Q*vv($vv9J
GyvvAvvGvv9Q*vv?hGC9y+?GCMvvAvvzvvqvv?h|vvgvvQpvv?BCvv9Q$vv9GCJvvAvv}vvzvv?fvv̂GCGvvAvv}vvgvv9JGyvv"vv9|vv+vv?,Lvv9Yvv?fvv̂
GyOhdPGJGyOL(dGC"Mq]?,<}9p+%9GC"AG(fhGCTA%zw(fGyZj9Q.

434



pv,Gyv"v%v9*v?*v}vwv#Gyvtv(dEfGyvOhdGyv"v9|v+v?EPGsv9|vB<vOhQ$v9<vWvwv{Fv+vO*v}vwv"v%v9,
vvv}vvGvv}vv(fvv?,Cf@vvQ<vvK|vv#GyvvAvvtvvOeGCTvvAvv}vvQ!vvJvv(GyvvWvvqvv9pvv+vv?pvv,!vvdvv9efvv9C,yvvzvvAvvGvv9QICvvvDvvQ
Y;<?h|tOQI|9y+?,@gA=QGyRQGf?FRAG

k
CS9S+9

k
|"&.

C9yD9

k
:BC9QGyg(C?f^GyAjP*?

*v}vwv#Gyvgv(C?G6LvPI<v9yvAv(SvhhG:!vAvWv9QyvAvGv9QIGC"vAvGv9JGyvRQGfv+v?hEv(*vzv%v9,Cf
Evvv"vvvhGyvvvAvvvP<vvvP<vvv9Jpvvv,fvvvQVGyvvvjvvvPGAGyvvvgvvv9C,h<vvv9yvvvAvvv9[Evvvw

q
vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?|vvv#GSvvvAvvv+vvvQGO

G}ivvP*vv?GC"vv9Svv=vv?h<vv9}Svvgvv9QGCTvvAvvtvvQI(Ef@vv(GpvvQJyvv%vv9Gyvvgvv}vv;JGyvvZvvgvv=vv?Gyvvwvv9pvv+vv?).|vv#
GCgvvQhaCf

q
Cvv;Cvv?CQ<vv9YGyvvqvvtvvQGApvv,GyvvOhdGyvv"vv9|vv+vv?*vvgvv+vvWvv(fpvv,GC"vv9_vvuGyvvQ*vvqvv+vv?Ivv+vvEo

@vAv(svrIv+v97v~,<vWvwv{|v=v9VvQChiv+vQ|v=v9VvQ,fv̂GyvRQGfv?h|v"vAvGv97v9.h@vWvw
q
v{GyvTvzvh

GyvvRQGfvv+vv?pvv,25pvv,GC8vv?|vv#G}svvavv9QGyvv"vv9|vv+vv?CvvzvvDvv,IvvGvv~GyvvZvv9OQGJGyvvwvvz+?pvv+vv%vv9(5).
h*v}vwv#Gyvgv(C?<v9yvAv9[;vTv_fv}vz+?hYv(d$vPgGyvTvzvhE]G}Sv(GbGyvOhy+?,Cj*v}vwv#
$vvvPgGyvvvOhdGyvvvRQGfvvv+vvv?Cf@vvvR*vvvOIvvvGvvv~Yvvv9OQG7vvv9GyvvvRQGfvvv+vvv?,h<vvv9yvvvAvvv9[@vvvR*vvvO|vvv#IvvvGvvv~
Gyvvgvv}vv;JGyvvZvvgvv=vv?Gyvv;R|vv?:SvvAvv+vvQGOGyvvTvvzvvhGyvvjvvPGFvv+vv?|vv#GyvvOhdG}LvvQi(ivv9yvv=vv9

k
GyvvOhd

GCAvav(QI).vv}v9Ef
v

Qpvh|vTvAv(*v9JGyvOLv(dhGyvAv(cv+vr(Gyvgv}v9yv?)yvzvgv9Fv;JGyvQ*vqv+v?PGJ
GyvvvOLvvv(dGC"vvvMvvvqvvv]vvv?,*vvv|OjE]R*vvv9OIvvvv}vvv+vvv9JGyvvvjvvvPGAyvvv~pvvvQGOGyvvvqvvvtvvvQGAhLvvv}vvv+vvv%vvv~|vvv#
G}Sg9QGCQ@qg?y~iP*?p,I9:JGy"t[<9}S(GbGCJz+?.

$vPG,h*v}vwv#fv}vz+?Gyvgv(C?GCAvgvzvtv?<v9yvAvtv"v+v9JGCAvtvO|v?hGyv"vtv{,Cf;vTv#GyvavQb
GyvvAvvtvvz+O*vv?GCAvv=vvgvv?pvv,fvv}vvz+9JG !vvAvv9LGyvvRQGfvv,h@vvTvv(*vvtvv&,h<vv9yvvAvv9[GCTvv9Gvv?pvv,;vvtvv+vvu
G}|vv#GyvvjvvPGFvv,,h;vvTvv#_vvQbGyvv(Yvv(dE]@vvjvvP*vv?Cpvv]vv{fvv̂GCOiGyvvavv(*vv{.vvvPyvvx
*vv}vvwvv#GyvvOhdGyvv"vv9|vv+vv?h|vvRGQfvv+vv%vv9@vv=vv"qvv,GyvvAvvtvv"vv+vv9JGCavv(qQIpvv,GyvvOhdGCAvvavv(QI,pvv}vvDvv;

k

GSvvAvvgvv}vv9dGyvv%vv9@vvrGBvvzvv(j*vvAvvavvzvv>G6fQCSvv}vv9dGSvvAvvDvv}vv9QjIvvOhO:SvvAvvMvvOG|vv&|vv#svv=vv{
GCRGQfvvv_GC(Fvvv(O*vvv#pvvv,GC(GsvvvhGyvvv=vvvgvvv+vvvOI6vvvOaG:SvvvAvvvqvvv9OI|vvv#GCgvvvzvvv(|vvv9JG QVvvv9O*vvv?
hivv+vvQ$vv9.vvvPyvvx*vv}vvwvv#G !vvAvvQ!vvBhGSvvAvvMvvOG|vv9@vv&Cf;vvTqvv#fvv}vvz+?Gyvv(Yvv(dE]Gyvv=vv+vv9!vv9J
hGCgvvvzvvv(|vvv9J<vvvJvvv+vvvE@vvvTvvv}vvvKyvvvzvvv=vvv9IvvvDvvv_h|vvvAvvvMvvvPjGyvvvtvvvQGQGJG:SvvvAvvvqvvv9OI|vvv#GC=vvv9OQGJ
GyvvjvvPGFvv+vv?G@vvO*vvOIh|vv#@vvtvv9Svv~GCgvvzvv(|vv9JGyvv%vv9Opvv?E]@vv"vvqvv+vvPCpvv]vv{GyvvAvvavv=vv+vvtvv9JGyvvRQGfvv+vv?,
h<v9yvAv9[yv(\vhLv9Q_v?Svz+}v?yv5!vAv9LGyvjvPGFv,hyvdv9$vQI!vtv[GyvAvjvP*v?<v9yvtvavQh<vzsv9y+}v&
GCMvvAvvzvvqvv?.h*vv}vvwvv#Vvv=vvwvv9JGCgvvzvv(|vv9JC*vv]vv9

k
:vv%vv+vvRsvv9fvvOI<vv+9!vv9Jyvv~Svv(GbGCMvvAvvZvv?

<9yAjP*?<}9p+%9R*9OIGytzuGyg9C,.

(5)GCZOQ!qT&.
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<vv9yvvQivv~|vv#G6Cvv9QG Kvv9<vv+?yvvzvvgvv(C?hCGvv+vvAvv%vv9yvvgvv}vvz+?GyvvAvvjvvP*vv?pvv,GyvvOhdGyvv"vv9|vv+vv?,:
<

ovvvO
v

C*vvv]vvv9
k

|vvv#PvvvvQG@vvv(G!vvv>GyvvvTvvvzvvv=vvv+vvv?GyvvvAvvv,*vvv}vvvwvvv#Cf;vvvOCvvv%vvv9Gyvvvgvvv(C?yvvvzvvvAvvvjvvvP*vvv?Gyvvv=vvvWvvvQ*vvv?
h<vMv9Yv?pv,GCGvAv}vgv9JGyv"v9|v+v?.pvR*v9OIGyvAvGv9QIGyvOhy+?,\v}v#|vqv%v(eGyvgv(C?,*v}vwv#
Cf@vv"vvWvvrCh@vvwvv(qf;vv(qdvvv=vv+vvQpvv,<vv"vv+vv?Ch$vv+vvwvvz+?GyvvjvvPGAIvvOCvv?<vvPyvvx|vvQ\vv9

k
|vvAvv"vv9|vv+vv9

k

*vvvTvvv}vvv)|vvvQVGyvvv(pvvvQIChGyvvv"vvvgvvv}vvv?(Affluence).h*vvvAvvv}vvvDvvv{$vvvPGGCQV<vvv{Ivvv;dG}ivvvP*vvv?
GCQ@vvqvvgvv?Gyvvtvv+vv}vv?(Gyvvwvvzvvqvv?)vvv9yvvTvvwvvQ*vv9JhGyvvR*vv(JhGyvvO$vv(fGAvv+vv(G!vv+?,GyvvAvv,@vvQpvvh|vv#
@vvwvv9y+rGyvvjvvPGAh@vvR*vvOpvv,Gyvv(RfGyvvwvv\hGyvv=vvOG!vv?,h<vv9yvvAvv9[@vvR*vvO|vv#G}|vvQGVGCR|vv"vv?
<v9yv"vTv=v?E]G}_vqv9dhGyvwv=v9Qfv̂GyvTv(GA,h<v{Iv;yv%v9Iv{G}ivP*v?GyvAvtvz+O*v?hG}ivP*v?
GC"vMvqv]v?Gyvtv+v}v?(Gyvwvzvqv?)Gyvjv"v+v?<v9Av=v(HhG}y+9a.Ef

q
|vDv{$vPGGyvAvwv(*v#ChG !vWv9A

GyvgvOGFv,CDv{$vPgGyvTvzvhGyvAv,*vgvOq$v9GC"vAvGv(fh*v(Rfv%v9GCTv(qsv(f,*v}vwv"v%v9Cf;vOK
@vvjvv+vv+vvQGJ|vv%vv}vv?pvv,CSvvzvv(HGyvvjvvPGA!vvqvvTvv&;pvvqvv,GyvvZvv_|vvDvv;

k
svvqvvRfvvOOG}pvvQGOGyvvwvv=vv9Q

PjGyvvv(RfGyvvvRGFvvvOCvvvvDvvvQ|vvv#Gyvvv"vvvZvvvr(|vvv#9E]15pvvv,GC8vvv?)<vvv+#fvvv9|vvv,1989vvvvv
1992(6).h$vvPgGCWvvwvvzvv?D@vvgvvOIvvZvv(QI<vv9yvvZvv_,EPhFvvOJOQGSvv?CQvvvR<vvJvv(K

Sv+v9Sv9JGyvjvPGAGyvgv9C,(IFPRI)<vzfsvTv}v9
k

vv=v+vQG
k

|v#Gyvgv9Fv;JGyvqvtv+vQIpv,BSv+v96v9pvQO
ChCvDQ|Z9H<OGAGy=OG!?.

E\v9pv?E]GyvAvjv+vQGJGC|P*v?Gyvwv9|v"v?pv,G}ivP*v?,*v}vwv#Gyvgv(C?Cf@vOpvh<vAvOpvtv9J
QCSGC9dGyvvvgvvv}vvv;svvv?GCMvvvAvvvQsvvv?AvvvOhOGyvvvOhdGyvvv"vvv9|vvv+vvv?fvvv̂G}Lvvv[hGyvvv(GpvvvOI|vvv#GyvvvOhd
GyvZv"v9fv+v?hGCAvav(QIG}LvQi,Cf@vAvQcGyvOhdGyv"v9|v+v?hGsvAvZv9OG7v9iv+vQIvZqv"v?,Cj;vB
Q>vvv?@vvvP<vvvP<vvv9JG:svvvAvvvZvvv9OGyvvvgvvv9C,(Cj;vvvBQ>vvv?GyvvvOhdGyvvvZvvv"vvv9fvvv+vvv?),pvvv}vvvDvvv;

k
<vvv+"vvvB

GyvvWvv(G$vvOGyvv(GpvvOI|vv#E!vvOh!vv+Tvv+vv9PGJG:svvAvvZvv9OGyvv]vvgvv+vvrSvv9<vvtvv9
k
<vvz8vv9CYvv+vv=vvB<vvZvvO|vv?

Lvvvvv;dG}R|vvvvv?GC9y+?GyvvvvvAvvvvv,IvvvvvOCvvvvvByvvvvvOhdVvvvvvQbBSvvvvv+vvvvv9fvvvvv9|vvvvv,1997h1998hGyvvvvvAvvvvv,
G!gwTB<R*9OIc9$QIGyqtQh<9ygGRGyjPGF,p,GyqAQI!qT%9.

h@vvAvv=vvzvv(Q@vvzCvv+vvQGJGyvvgvv(C?GyvvTvvzvv=vv+vv?fvv̂GyvvAvvjvvP*vv?C*vv]vv9
k
<vv9yvvTvv+vv9Svv9JGCJvvz+?yvvzvvOhd

GyvvZvv"vv9fvv+vv?.pvvtvvO<vvPyvvBFvv%vv(Ovvv=vv+vvQILvv;dGyvvTvv"vv_GC9\vv+vv?yvvAvvJvvTvv_fvv}vvz+?Gyvv(Yvv(dE]
CSv(GbGyvOhdGyv"v9|v+v?,pv,Iv_<vtv+vBCSv(GbGyvOhdGCAvav(QIGCJvz+?|vjvzvtv?C|v9eGyvOhd
Gyv"v9|v+v?,Iv+vEoh\vgvBGyvTv+v9Sv9JGyv%v9Opv?hGyvAvgvQ*vqv9JG@v}vQvv+v?GCQ@vqvgv?(110pv,GC8v?
ChCvvDvQ)fv̂v

o
v{
q

|v#GyvzvJv(ehG}yv=v9fhGC"vAvGv9JG}LvQipv,v
o
v{
q

|v#Gyv(:*v9JGCAvJvOI

(6)Julie Babinard and Per Pinstrup-Andersen, «Globalization and Nutrition,» in: Per Pinstrup-

Andersen and R. Pandya-Lorch, eds., The Unfinished Agenda: Perspectives on Overcoming Hunger,

Poverty, and Environmental Degradation (Washington, DC: International Food Policy Research Institute

(IFPRI), 2001).
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G}|vvQ*vvwvv+vv?hChQh<vv9hGy+9<vv9f,IvvOOI<vvPyvvxfvv}vvz+?GyvvAvvGvv9QI<vv9C"vvAvvGvv9JGyvvRQGfvv+vv?yvvzvvOhd
Gyv"v9|v+v?h<vMv9Yv?yvzv}vRGQfv_GyvqvtvQGApv+v%v9,|v9LvOq|v#;vtv+vuGC"v9pvhyv%v~|v#fv}vz+?;vQ*vQ
GyAG9QIhR*9OIGyg(C?(7).

QG<g9
k

:_Q*uGyg(C?yAJT_c9$QIGyjPGA
yvzv}vGvAv}vhG !vTv9P|v%v}v?CSv9Sv+v?fv9Fvzv?@vAv}vDv{<v}vTv9fvOIGyvOhdGyv"v9|v+v?hVvgv(6v9

yvvAvvZvv=vvKCvvvDvvQ@vvwvv9|vv;
k
pvv,G:svvAvvZvv9OGyvvgvv9C,.h*vv}vvwvv#;vvtvv+vvuPyvvx<vv}vvTvv9fvvO7vv9pvv,<vv"vv9A

GC|SvvvvTvvvv9JGyvvvv]vvvvQhQ*vvvv?GyvvvvOGfvvvv}vvvv?hQSvvvv~GyvvvvTvvvv+vvvv9Svvvv9JGCTvvvv9fvvvvOIfvvvv̂fvvvv}vvvvz+?G:!vvvvO|vvvv9L
hGyvvAvvwvv9|vv{hG:SvvAvvGvv9<vv?yvv;@vvqvv9svv9JGyvvOhy+?hGyvvdvvQhaGCJvv+vvavv?<vv9yvvAvvGvv9QIh<vvAvvJvvTvv__vvQb
Gy(Y(dE]G}S(Gb.

vvvvPyvvvx@vvvtvvv(Ofvvv}vvvz+?Lvvvqvvv̂h;vvvavvv+vvv~GAvvv(GFvvvRGyvvvgvvv9y+?GC(\vvv(fvvv?|vvv#svvv=vvv{GyvvvOhd
GyvvZvv"vv9fvv+vv?E]@vvTvv%vv+vv{By+?OLvv(dGyvvOhdGyvv"vv9|vv+vv?E]G}Svv(GbGyvvOhy+?h<vv9yvvAvv9[<vv"vv9A<vv+8vv?
@vqv]v+vz+?yvzvAv"v}v+v?GyvRQGfv+v?pv+v%v9.yvtvOIvZv{@vtvOehG\vKpv,Lvqv̂GyvAvgvQ*vqv9JG@v}vQvv+v?
fv̂GyvTvzvhGyvRQGfv+v?G:SvAv(GFv+v?iv+vQGCZv"vgv?|vDv{Gyv=v#hGyvWv9jhGyvwv9vv9hLv;dGyvTv"v(GJ

G}Lvvv+vvvQI.hSvvv(a@vvvTvvvAvvvqvvv+vvvOGyvvvwvvvDvvv+vvvQ|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?G}LvvvQi,EPGCIvvvOCvvvB;vvvTvvv+"9J

|vWv96v?,pv,Gyv(Yv(dE]G}Sv(GbGyvgv9C+v?GyvRQGfv+v?G}LvQih<vMv9Yv?|v"vAvGv9JG svz+~
GC}vvavvQGyvvRQGfvv+vv?vvv9yvvTvvwvvQhGAvv=vv(HhGyvvzvvJvv(e,hvvvPyvvxGC"vvAvvGvv9JGyvvRQGfvv+vv?GCZvv"vvgvv?.Ef

q

GAvQ*v?|vAvgvOOIG@v(G!v>Sv(a@vR*vOG}Svgv9QGyvgv9C+v?yv%vPgGyvTvzvhh<v9yvAv9[Sv(a*vTvAvqv+vO
|"AG($9<Ww{hG\K.

pv,GCtv9<v{Kv>Cf@vAvJv}v{HvAv}vgv9JGyvAvjvP*v?hGyvZvJv?GCJvz+?|vTv|hy+?GCWv9vv{
Gyvv"vv9:vv?fvv#G}ivvP*vv?ivv+vvQGyvvZvvJvv+vv?hfvv#GyvvAvvMvv}vv?GyvvjvvPGFvv+vv?,pvv=vv+"}vv9@vvTvv+vvavvQGyvv"vvJvv9pvv?,
<vv9Ctvv9Q!vv?|vvhGyvv=vvOG!vv?,pvv,GyvvOhdGyvv"vv9|vv+vv?,E:Cf

q
GyvvTvvwvv9fGCAvvzCvvQ*vv#<vv9yvv=vvOG!vv?6vv9Svv(a

*vvvvAvvvvzPhffvvvv̂GCOiGyvvvv=vvvvgvvvv+vvvvOEPGD@vvvv|LvvvvPG FvvvvQGAGJGBvvvv9Yvvvv?<vvvv}vvvv(GFvvvv%vvvv?|vvvvDvvvv{$vvvvPg
G::vvv9$vvv9Jpvvv,GyvvvAvvvjvvvP*vvv?.h<vvv9yvvvAvvv9[Kvvv>EOLvvv9dGyvvvAvvvjvvvP*vvv?Gyvvvqvvvgvvv9yvvv?GC"vvvMvvvqvvv]vvv?Gyvvvwvvvzvvvqvvv?
hGyv=vQG|vHGyvAvgvz+}v+v?h!vWvQG:SvAvQG@v+Gv+v9JhE!vWv9AGyv=v"v)GyvAvJvAv+v?,yvAvTv9fvO<vWvwv{CSvQY
fvv̂EIvvOGKGyvvAvv(GRfGyvvjvvPGFvv,GyvvPjLvvOfvv9OI|vv#Jvv9_vvQG}|vvQGVGCR|vv"vv?hGyvv=vvOG!vv?.
$vPgG:SvAvQG@v+Gv+v9JhGyvTv+v9Sv9JG@vO*vOIKv>Cf@vTv9fvOfv̂E!vAv9Lh@vTv(*vuGBv]v9Q
hGyvvqvv(Gvvv&hGyvv=vvtvv(y+9JhC!vv(GYG}ivvP*vv?G}LvvQiPGJGC"vvWvv{Gyvv"vv=vv9O.hpvv,Gyvv(svvB!vvqvvTvv&

(7)Diaz-Bonilla and Robinson, Ibid.
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Lvqv̂GyvOfv~GBv9U<v{!vAv9LGyvTvzvhGyvO$v"v+v?hGyvTvw
q
vQ*v9J,hGyvTvzvhGCTv}xv"v?hG}_vgv}v?

hGCWQh<9JGyTwQ*?.

vvvPyvvxKvv>Cf@vvAvv(GpvvQGyvvgvv"vv9*vv?GyvvZvvJvv+vv?h@vvTvv%vv+vv{_vvQbGyvv(Yvv(dE]G}Oh*vv?,pvvtvvO
svOQJ|v"vdv}v?GyvZvJv?Gyvgv9C+v?<vzf

q
$v"v9c8pv,GC8v?|v#|v+vRG!v+?Gyv=vJv(KGyvZvJv+v?Gyvgv9C+v?

GCtvvOQI<vv+#50vvvvv60|vvz+9QOh:Q@vvP$vv>pvvtvvbyvvzvv=vvJvv(KGyvvZvvJvv+vv?GCAvvgvvzvvtvv?<vv9}|vvQGV

GC|CvQIfv̂GyvTvwv9fpv,GyvOhdGyv"v9|v+v?(8).h<vAvz|v_GyvAvgv9hf<v+#GyvAvjvP*v?hGyvZvJv?hEOLv9d
Gyv=vJv(KGyv%v9Opv?,*v}vwv#;vTv_GyvAvjvP*v?h@vgvR*vR$v9.vvPyvx*v}vwv#Gyv=v"v+v?GyvZvJv+v?GyvAvJvAv+v?
Cf@vTv9fvOfv̂@v(Q*vOGyvgv"v9*v?GC;Fv}v?GyvWv9|vzv?hfv̂;vO*vOG}pvQGOPhjGyvAvjvP*v?Gyv"v9svZv?
hEfv9OI@vz$v+vzv%v~.hpv,Gyv(svB!vqvTv&Kv>>v9*v?GyvTvwv9fGyvqvtvQGAh|vTv9fvO7v~pv,Gyv(Yv(d
E]G}Oh*?G}S9S+?h|"J%~E*9$9<9}Sg9QGC"9S=?.

pvvv,GyvvvOhdGCwvvvWvvv(pvvv?ChGCgvvvQq\vvv?CMvvv9_vvvQGyvvvgvvv(C?*vvvAvvv"vvv9svvv[OhQGyvvvtvvvavvv9YGyvvvgvvv9epvvv,
Hvvv9:JfvvvO*vvvOI|vvv#G}|vvv#GyvvvjvvvPGFvvv,hGyvvvAvvvjvvvP*vvv?,pvvv,Ivvv_*vvvROGOOhQGCGvvvAvvv}vvvgvvv9JGCO!vvv+?
hGyvtvav9YGBv9U.hyvwv#Kv>fv̂Gyvgv(C?C:;v{Iv{GyvTv+v9Sv9JGyv(_v"v+v?GC"v9Sv=v?,pvtvO
Ch\vvvJvvvBGyvvv=vvvJvvv(KhGBvvv=vvvQGJGAvvvO*vvvDvvv?CGvvv+vvv?Gyvvvtvvvavvv9YGyvvvgvvv9eChGAvvvwvvv(|vvv,pvvv,GC"vvv9_vvvu
GCAvgvzvtv?<v9}|v#GyvjvPGFv,hGyvAvjvP*v?,pvgv}vz+?GCTv9fvOIpv,EvzvxG}QVGyvRQGfv+v?hGyvAvgvz+~
G}Svvv9Svvv,hGyvvvgvvv"vvv9*vvv?GyvvvZvvvJvvv+vvv?G}hy+?hGyvvvTvvv+vvv9Svvv9JG}LvvvQiGCQ@vvv=vvvavvv?<vvvdvvv9$vvvQIGyvvvqvvvtvvvQ,
CYv=vJvBCvvDvQCGv+v?yvzv}vGv}v(fv9JhGyvOhdGCAvzCvQISvzv=v9

k
<v9yvgv(C?hJv9_vQ$v9.h<v9yvAv9[Kv>

fv̂Ivwv(|v9J$vPgGyvOhdhGCGv}v(fv9JCf@vgvQavv+vrSvAv|CvQGyvgv(C?fv̂GyvTvwv9fh|v9
$v,GCMv9_vQGyvAv,SvAvJvOCv%v9yv%v~,h@vtvQ*vQ|v9EPGvv9f<v9SvAvav9fv?GyvTvwv9fGAvOq|v#BCv9Q$v9
GyvvTvvzvv=vv+vv?,h<vv9yvvAvv9[@vvZvv}vv+vv~hGSvvAvvMvvOGeVvv=vvwvv9JG}|vv9fGCwvv9pvv8vv?yvv%vvPgGCMvv9_vvQIvv+vvDvv}vv9vvv9f
\QhQ*9

k
.

L9|T9

k
:Gyg(C?h;Q*QGyAG9QI

:@vvvQivvv>|vvvgvvvdvvv~Ivvvwvvv(|vvv9JGyvvvgvvv9D<vvvAvvvJvvv(*vvv{E!vvvAvvv9LGyvvvjvvvPGAyvvvtvvv(iGyvvvTvvv(bGAvvvQI
(Forces of the Free Market)Iv+vEo@vAvOLv{$vPgGAvwv(|v9Jpv,GyvRQGfv?<vavQb:;vZv)

6vvvOa@vvvgvvvR*vvvRE!vvvAvvv9LGyvvvjvvvPGAGCJvvv\,hE<vvvtvvv9ACSvvvgvvv9QGyvvvjvvvPGAGCJvvv\|vvv"vvvMvvvqvvv]vvv?Ch<vvvMvvvqvvv̂
G:Q@vvv=vvv9W<vvv9yvvvgvvvQhVG}Fvvv"vvv=vvv+vvv?.hsvvvO_vvvzvvv>GyvvvgvvvO*vvvO|vvv#GBvvv=vvvQGAG yvvvjvvv9AG@vvvRFvvv,yvvv%vvvPg
G FvvvQGAGJ,hKvvv9Oyvvv(fpvvv,C8vvv~*vvv"vvvAvvvGvvv(f<vvvjvvv+vvvQpvvvgvvv9y+?Chvvvvqvvv9AI<vvvJvvv+vvvE*vvv=vvvtvvv)|vvvgvvvdvvv~

(8)GCZOQ!qT&.
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GyvvvTvvvwvvv9fpvvv,Ivvv9yvvv?Svvv+vvv8vvv?.yvvvtvvvOCYvvv=vvvKLvvvqvvv̂GyvvvAvvvGvvv9QIh;vvvQ*vvvqvvv%vvv9svvv(IGyvvvOpvvvhG}Svvv9Svvv+vvv?
yz}g9$OGJGyAG9Q*?GAO*D?.

h*vvqvv]qvv{GyvvAvv"vv=vv&|vv#G6Cvv9QGBvv9Yvv?<vv{RGyvv?GCTvv9fvvOGJGyvvRQGfvv+vv?hIvv(GFvvRGyvvAvvGvv9QI
fv̂G !vAv9LGyvRQGfv,fv̂G}sv{.h<v9yvQiv~|v#Cf

q
$vPGGyvAv"v=v&Ch|vgvQpv?$vPgG6Cv9Q:

*vv}vvwvv"vv%vv9G |vvTvv9c<vv96Cvv9QGCJvvAvv}vvzvv?yvvAvvJvvQ*vvQGyvvAvvGvv9QIfvv̂G}FvvRGAG}LvvQiyvv;svvAvvZvv9O,
E:C!qv&*v}vwv"v%v9:v%v+vR<vgv̂G Vv9QGJChG *v}v9AGJGCAvgvzvtv?<v9}Gv+v?Gyvwv9|v"v?yvAvJvQ*vQ
GyvvvAvvvGvvv9QI.pvvvAvvvJvvvQ*vvvQGyvvvAvvvGvvv9QIGyvvvwvvv\*vvv|OjE]@vvv"vvv9svvv[G !vvvAvvv9LGyvvvRQGfvvv,<vvvgvvv̂GyvvvWvvv,A
<vvWvvwvv{fvv9eh<vvMvv9Yvv?pvv,GyvvOhdGCAvvavv(QI.E\vv9pvv?E];vvtvv+vvuR*vv9OIIvvTvv"vv?pvv,CSvvgvv9Q
GAvvv=vvv(HGyvvvgvvv9C+vvv?pvvv(b|vvvTvvvAvvv(*vvv9JGyvvvAvvv(svvvgvvv9JGCOQhSvvv?yvvvgvvv9e2020,(CSvvvgvvv9QG}QR
hGyvvtvv}vvKhGyvvPQIGyvvgvv9C+vv?Svv(a@vvQ@vvqvvh14pvv,GC8vv?,8pvv,GC8vv?,h9pvv,GC8vv?;pvv,
Ivv_@vvQ@vvqvvhCSvvgvv9QAvv(eG}ivv"vv9ehGC9fvvR19pvv,GC8vv?hCSvvgvv9QAvv(eG}<vvtvv9Q18pvv,
GC8vvv?hCSvvvgvvv9QAvvv(eGBvvv"vvv9R*vvvQhGyvvvOhGFvvv#<vvv"vvvTvvv=vvv?Csvvv{,Cj13pvvv,GC8vvv?yvvvw

o
vvv{
q

|vvv"vvv%vvv}vvv9
@tQ*=9

k
)(9).

hG}vvvDvvQCGvv+vv?|vv#PyvvxCf
q

@vv|Ojfvv}vvz+?;vvQ*vvQGyvvAvvGvv9QIE]EKvv9Opvv(GFvvOGsvvAvvZvv9O*vv?
Yvvv9pvvv+vvv?EKvvv9<vvv+?yvvvw

o
vvv{
q

|vvv#GC"vvvAvvvGvvv_hGCTvvvAvvv%vvvzvvvwvvv_(vvvv}vvv9*vvvtvvv(dGyvvv=vvvgvvv̂).h<vvv}vvvQGfvvv9I$vvvPg
Gyvvqvv(GFvvOh<vvAvv(pvv+vvQGyvv]vvQGFvv>Gyvv"vv9:vv?fvv#Eyvvjvv9AGCTvv9fvvOGJh;vvQ*vvQGyvvAvvGvv9QI,Svv(a@vv"vvWvvz
GC"v9pvhGyvgv9C+v?hGyv=v9yvjv?svQG<v?35,8|vz+9QOh:Qfv9e2020vv}v9$v(|v(\vKpv,G@vOhd
Qs~(10vvvvv1).

$vvvPGhSvvv+vvvTvvvAvvvqvvv+vvvOvvvv;Gyvvvgvvv9C_GCAvvvavvv(QhGyvvv"vvv9|vvv,hPyvvvx<vvvtvvv+vvv}vvv?14,2|vvvz+9QOh:Q
yvv~hd,h21,5|vvz+9QOh:QyvvzvvDvv9Pfvv̂GyvvAvv(G[.h<vv9yvvQivv~|vv#Cf$vv9@vv+#Gyvvtvv+vv}vvAvv_y+TvvAvv9
vvv=vv+vvQ@vv+#<vv9Ctvv9Q!vv?|vvhGyvv"vv9@vvHG =vv9[GCJvv\yvvw

o
vv{
q

|vv"vv%vv}vv9,E:C8vv}vv9Fvv+vvO@vv9f<vv9Ctvv9Q!vv?|vvh
svv+vv}vv?G !vvAvv9LGyvvRQGfvv,pvv+vv%vv}vv9.h<vv9yvvAvv"vv9Svv>|vvhGyvvtvvavv9fvv9JGyvvRQGfvv+vv?pvv,G}svv9y+~GCPvvv(QI
(GCAvvvavvv(QIhGyvvv"vvv9|vvv+vvv?)@vvvwvvv(fGy+9<vvv9fhvvvv(Q*vvv9G@vvv"vvv(<vvv+?(G}Lvvv+vvvQI|vvv#OhdVvvvQbBSvvv+vvv9pvvv,
G@vvvvOhd)GyvvvvQG<vvvvJvvvv_G}Svvvv9Svvvv+vvvv_,E:Cf

q
G svvvvz+~G}vvvvvDvvvvQGSvvvvAvvvvqvvvv9OIChQ<vvvvJvvvv9

k
$vvvv(Esvvvvz+~

GyvZvJvQGAG}pvQ*vtv+v?hPyvx<vtv+v}v?4,4|vz+9QOh:QCh10pv,GC8v?|v#sv+v}v?E!vAv9LGyvTvzvh
GCOQhS?(10).

(9)Mark W. Rosegrant [et al.], «2020 Global Food Outlook: Trends, Alternatives, and

Choices,» (2020 Vision for Food, Agriculture, and the Environment Initiative, International Food

Policy Research Institute (IFPRI),Washington, DC, 2001).

(10)GCZOQ!qT&.
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G@OhdQs~(10vvvvv1)
BC9Q;Q*QGyAG9QIGyg9C+?f^Qp9$+?GCGA}hGyOh[f9e2020

G sz+~hGyOhy?p(GFO;Q*QGyAG9QIGyg9C+?

Gyt+}?Gywz+?
(<z+(fOh:Q)

IZ?s+}?G !A9L
GyRQGf,(p,GC8?)

|#Gy"9@HG =9[
GCJ\(p,GC8?)

Gyg9D35,83,00,07

GyOhdGCAa(QI14,23,00,04

Gy(:*9JGCAJOI4,32,50,03

G:;9OG}hQhN4,23,00,03

Gy+9<9f3,022,30,04

GyOhdGy"9|+?21,63,00,14

C|Q*w9Gy;@+"+?3,02,10,07

iQHBS+9/V}9dEpQ*t+92,35,90,13

GyZJQGAG}pQ*t+?4,410,41,03

GyZ_3,61,30,11

OhdVQbBS+9G}LQi2,436,70,18

Gy%"O2,11,90,14

OhdF"(HBS+9G}LQi1,33,30,36

OhdF"(HBS+92,53,50,15

|vv;Ivvdvv?:EvvDvv{Gyvvtvv+vv~GCgvvQh\vv?G6Cvv9QG Kvv9<vv+?fvv̂Qpvv9$vv+vv?GCGvvAvv}vvhGyvvOh[pvv,Ivv9yvv?;vvQ*vvQ:vv9QIGyvvvvv16
Szg?GCOQhS?p,GC(O*{ChGyT+"9Q*((IMPACT).

GCZOQ:IFPRI Impact Projection (June 2001).

h*vgvAv=vQ$vPGGyvQ<vK|vQ@vqvhFvRFv+v9
k
<vTv=v>vv(fGCRGQfv_G}pvQ*vtv+v_*v(GFv%v(f|v"v9pvTv?

Csvvv{hpvvvtvvv9
k
yvvvzvvv}vvvTvvv9fvvvOGJGyvvvAvvvZvvvO*vvvQ*vvv?|vvv#v

o
vvv{
q

|vvv#GyvvvOhdG}hQh<vvv+?hGyvvvOhdG}LvvvQi,
h!vAv+vGv? RGyv?Gyv]vQGFv>GyvAv,@vqvQ\v%v9|vgvdv~GAvwv(|v9JG}pvQ*vtv+v?fv̂E!vAv9LhGSvAv%v;c
GyjPGA.

$vvPGGyvvAvv"vv=vv&LvvGvvRsvvTvv}vv9
k
pvvtvvb|vv#G6Cvv9QGyvvwvv9|vv"vv?yvvAvvJvvQ*vvQGyvvAvvGvv9QIEPGCR*vvzvvB=vv+vvh

Gyvgvtv=v9JChGAv(GFvRGyvAvGv9Q*v?GCgv+vtv?yvzv"v}v(G:svAvZv9Ojfv=vQ|vTv9fvOIG !vAv9LGyvZv"v9fv,,
<J+E*}w#Cf*w(fy%9@zC+QGJv=+QIf^GyRQGf?hGSA%;cGyjPGA.
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:GyAG9QIGyOhy+?hGyA"}+?GyRQGf+?GCTAOG|?hGy=+8?,
p,c{

q
Gyg(C?

yvtvOcv%vQJ|vWvwvzv?GyvAvgv9QV<v+#Gyvqv(GFvOGyvAvGv9Q*v?hGyv=v+v8v?,vv{IvOiC$v~GCWv9vv{
pvvv,Svvv+vvv9Svvv?GyvvvAvvvGvvv9QIGyvvvOhy+?pvvv,GyvvvTvvv"vvv(GJG}Lvvv+vvvQI,Ivvv+vvvEoFvvvQiGyvvv"vvvtvvv9TIvvv(d$vvvPg
GCWvwvzv?<v(Fv(gfvOI,hGVvAv}v{PyvxGyv"vtv9Tfv̂Fv(G!v>sv9!v(!v+?hGsvAvZv9O*v?h<v+8v+v?.hEf
vvv9f$vvPGGyvv"vvtvv9T!vvdvvQ*vv9

k
E:C!qvv&G$vvAvv~qpvv,@vv=vv"qvv,Ivv+vv9IGFvvAvv}vv9fvv+vv?Fvv+vvOIyvv5!vvTvv9f.h*vvgvvAvvtvvO

GyvgvO*vO|v#Fv([GyvAvGv9QIGyvgv9C+v?<vzf
q

|vqv%v(e@vtvzv[GyvAvGv9QI$v(YvO*vuGyv=v+v8v?,h<v9yvAvqv9$v~
<v+"v%v}v9*v}vwv#Gyvgv9DGSvAvMvOGeGC(GQOGyvav=v+vgv+v?hGyv=v+v8v+v?<vqvgv9y+?CvvDvQh<vAvzCv+vQGJ<v+8v+v?<vgv+vOI
hIvvOhOIh<vvzSvvgvv9QCvvvDvvQCvv=vv9@vv9

k
hGSvvAvvOG|vv?.hCvvvDvvQ|vv#Pyvvx,*vvgvvAvvtvvO$vv|:AGC}vv(yvv(fC!qvv&

<vvR*vv9OIGyvvOLvv(dh@vvtvvz+[IvvOhOGyvvAvvGvv9QI*vv}vvwvv#GyvvOhdYvvQaGCR*vvOfvv̂>vv9*vv?Gyvv=vv+vv8vv?,
hyvtvOOfv(Gpv,Gyv(svB!vqvTv&E]EFvQGAOQGSv9JfvO*vOIfv#vv+vqv+v?|vgv9@v?GCWv9vv{Gyv=v+v8v+v?.
h|vv#C|vvDvvzvv?$vvPgGyvvOQGSvv9JGC"vvqvvPIGyvv(Cvv9FvvuhGyvvAvvtvv9Q*vvQGyvvAvv,fvv9@vvB@vvZvvO*vvQGC(GOGCJvvQq|vv?
Ohy+9

k
hIvvOOGJG:SvvAvv+vvQGOh|vvtvv9_vvgvv?GCTvvAvv%vvzvvwvv_yvv=vvgvv̂|vv"vvAvvGvv9JGC"vv9_vvuG:SvvAvv(GFvv+vv?

GCJQ|?v9}LW9H,6Oa|"hsahG}LW9Hh<9yA9[GCJ9pd?f^Gyj9<9J.

yvtvOFv9OyvB<vgv̂GCGv}v(fv9JGC%vAv}v?<v9yv=v+v8v?<vzf
q

R*v9OIGyv"v}v(G:svAvZv9OjhR*v9OI
Gyvvavvzvv>fvv̂GC(GQOGyvvavv=vv+vvgvv+vv?@vvgvv(OE]GyvvAvvGvv9QIGAvvQI,h$vv,GCWvvwvvzvv?Gyvv=vv+vv8vv+vv?<vvJvvOqPG7vv9,
hy+UGAvv{

q
vvv}vv9GfvvAvvtvvOJ<vvgvv̂GCGvv}vv(fvv9JG:svvAvvZvv9O*vv?.h_vv9yvv=vvBGCGvv}vv(fvv9JGC%vvAvv}vv?

<v}v=vOEGyvAvGv9QIGCJvOOI>v9*v?yvzv=v+v8v?,hsv9yvBE!qv&|v9D@vAvMvPEFvQGAGJ<v+8v+v?IvOOI|vQ@v=vav?
<v"v}v(GsvAvZv9Oj|vtv"vh,pv;<ovOvCf*vROGO@vO$v(QGyvwvQIG}Q\v+v?h@vAvzv(KGyv=vJv9QhG}Fv(GA
h|vv+vv9gGyvvWvvQHh*vvAvvjvv+vvQGyvvavvtvvU.vvv}vv9Ef

v
$vvPgGCGvv}vv(fvv9J@vvQ@vv9Hpvv,G:@vvqvv9svv9JGyvvAvvGvv9Q*vv?

Gyvgv9C+v?hG svz+}v+v?Gyv%v9Opv?E];vO*vO<v(eGyvAvGv9QIGyvOhy+?.h$v"v9:<ovOv|v#@v(\v+vK!vtv9W
CS9S+?C;K@Q<b<+#GyAG9QIhGy=+8?h$,:

1vvvvvIvvOO|vv|EvvQG}|vv~GCAvvJvvOIIvv(dGyvv=vv+vv8vv?hGyvvAvvGvv9QIGyvvPjfvvtvvOfvv9e1992pvv,
|vv9O@vv&Qsvv~21,<vvQ!vv9Hvv9

k
Lvv9Yvv9

k
yvvzvvgvv}vv{Ivv(dGyvv=vv+vv8vv?.vvv}vv9Ef

v
|vv"vvdvv}vv?GyvvAvvgvv9hfG:svvAvvZvv9Oj

hGyvvvvvvvAvvvvvvv"vvvvvvv}vvvvvvv+vvvvvvv?(Organization For Economic Co-operation And Development, (OECD))

G<vPJHv}v(fv?|v#G FvQGAGJhG}Oyv?GCAvgvzvtv?<v9yvAvGv9QIhGyv=v+v8v?,6vOa@vWvGv+vhCfv]v9A
GAw(|9J<J+E@w(fCvDQ@g9h!9

k
\}#S+9S?GyAG9QIGy(_"+?hGy=+8?.

2vvvvvpvvvv,fvvvv9e1993hs
q
vvvvgvvvvBIvvvvwvvvv(|vvvv9JGyvvvv(:*vvvv9JGCAvvvvJvvvvOIG}|vvvvQ*vvvvwvvvv+vvvv?hvvvvv"vvvvOG

hGCwvvTvv+vvxfvv̂G@vvqvv9svv+vv?GyvvAvvGvv9QIGAvvQI}|vvQ*vvwvv9GyvvWvv}vv9y+?Gyvv"vv9pvvAvv9(NAFTA)GyvvAvv,@vv]vv}qvv#
FRA|"%9|(\(YGyAG9QIhGy=+8?.
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3vvvvvpvv,fvv9e1994@vvtvvQQ@vvWvvwvv+vv{HvvzvvUGyvvAvvGvv9QIGyvvgvv9C,\vv}vv#|vv"vvdvv}vv?GyvvAvvGvv9QI
Gyvvgvv9C+vv?(World Trade Organization (WTO)),GyvvAvv,@vvWvvwvvzvvBfvvtvv>GyvvAvv(svv+vvhfvv̂G@vvqvv9svv+vv?
G}hQhivv(Gjpvv,GCjvvQHpvv,8vv9*vv?Gyvvgvv9eGCPvvv(Q.h@vvAvv}vvDvv{|vv%vv}vv?HvvzvvUGyvvAvvGvv9QIhGyvv=vv+vv8vv?
p,GCT9fOIf^\}9f@a=+uGyt(GfOGyAG9Q*?GB9Y?<9C(G\+hGy=+8+?.

hvvv%vvOafvv9eyvvzvvAvv"vv}vv+vv?GCTvvAvvOG|vv?,*vv(FvvOfvv̂GCOiGyvv=vvgvv+vvO;vvO*vv9Jyvvzvv"vvWvv9_vv9J
GyvAvGv9Q*v?hGyv=v+v8v+v?Kv>fv̂GyvTv+v9Sv?GBv9Yv?<v9yvAv"v}v+v?Cf@vTvAv(fv>GCgvQpv?Gyvgvzv}v+v?G}vvDvQ
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GyvvOLvv(d,hyvvwvv#pvv,Gyvv(svvB!vvqvvTvv&,Kvv>@vvtvvz+[GBvvavvQGyvv=vv+vv8vv,,h$vv(*vv}vvDvv{|vvgvv]vv;J
Ivvtvv+vvtvv+vv?yvvzvvOLvv{.h|vv#GCgvvQhaCf$vvPgGyvvOhd;vvAvv9LC*vv]vv9
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k
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Gyvvwvv\)6vvOa@vvtvvz+[v
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|vv#fvv}vvz+9JGSvvAvv+vvQGOGyvvjvvPGAh@vvavv(*vvQfvv}vvz+?GyvvAvv=vv9OdGyvvAvvGvv9Qj
GBvv9QFvv,fvv#_vvQ*vvuGyvvAvvZvvO*vvQ.$vvPgGCAvvavvzvv=vv9JyvvzvvOhdGyvv"vv9|vv+vv?@vv]vvjvvbfvv̂v
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|vv#R*vv9OI
GyvvOLvv(dhGyvv"vv}vv(G:svvAvvZvv9OjhGyvvAvvZvvO*vvQ,<vvJvv+vvE@vv=vvQRCSvv8vvzvv?|vv%vv}vv?Ivv(dvvv+vvqvv+vv?EFvvQGA
GyA(GRf<+#>9*?Gy=+8?,hGyA"}+?G:sAZ9O*?hGyAG9QIp,$PgGyOhd.

$vvvPG,h*vvv}vvvwvvv#Cf@vvv|CvvvQGyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?fvvv̂v

o
vvv{
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|vvv#GyvvvRQGfvvv?hGyvvv=vvv+vvv8vvv?hGyvvvAvvv"vvv}vvv+vvv?
GyRQGf+?GCTAOG|?hGyQ*q+?<aQbfO*OICG%9:

vvvvv*vv}vvwvv#GyvvAvvGvv9QICf@vvWvvGvvhGyvv"vvWvv9_vv9JG !vvAvv9Fvv+vv?hPyvvx<vvAvvJvv(*vvzvv%vv9|vv#GC"vv9_vvu
G}vDQ@O$(QG

k
yz=+8?E]GC"9_uG}s{@O$(QG

k
y%9.

vvvvv@vvvv|OjR*vvvv9OIGyvvvvAvvvvGvvvv9QIGAvvvvQIE]@vvvvjvvvv+vvvv+vvvvQ|vvvvTvvvvAvvvv(*vvvv9Jh!vvvv}vvvv9PLv
o
vvvv{
q

|vvvv#G !vvvvAvvvv9L
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(11)E. Barbier [et al.], The Economic Linkages between the International Trade in Tropical Timber

and Sustainable Management of Tropical Forest (Yokohama, Japan: [n. pb.], 1993).
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(13)«International Trade, Environment and Sustainable Agricultural Development: A Progress

Report,» (CCP: 95/14, Food and Agriculture Organization (FAO), Rome, 1994).
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(16)R. Paarlberg, Governance and Food Security in an Age of Globalization, Discussion Paper; 36
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Gyvvwvv\yvv%vv9,h@vvQ@vv>fvv̂Pyvvx@vvtvvzvv[@vvOpvvtvv9JGSvvAvvDvv}vv9QGJGyvvgvv}vv;JGyvvZvvgvv=vv?(Foreign

Direct Investment)fvvz+%vv9@vvOQKvv+vv9
k
<vvJvv+vvED@vvROfvv#5pvv,GC8vv?fvv9e1998|vv#IvvGvv~

G:SAD}9QGJGCAOpt?f^Esz+~C|Q*w9Gy;@+"+?hGyw9Q*=,(17).

vvvvPyvvvxGQ@vvv=vvv9WGsvvvAvvvZvvv9OGyvvvgvvv(C?GAvvvO*vvvE\vvvgvvv+vvvrC*vvv]vvv9
k

|vvvhGyvvvgvvvO*vvvO|vvv#GyvvvOhd
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Ivv9:JG@vv(YGyvvavv9QFvv?,h<vv9yvvAvv9[@vvtvvO*vv~GCTvv9fvvOGJGyvvjvvPGFvv+vv?yvvzvvOhdPGJGyvvgvv;svv?.h|vv#
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(17)GCZOQ!qT&.
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6vv9G@vv%vv?GCTvv+vvavvQIfvv̂!vvdvv9eGyvvgvv(C?,<vv{Kvv>@vv(pvv+vvQ$vv9yvvw

o
vv{
q

|vv#Hvv9:JGyvvavv>qhGyvvAvvgvvz+~
h<"9AGCOGQShGCM9<QhGyQjhGyw%Q<9AhGyaQb,Cjp,Gy=",GyAJA+?.

h@vvzvvgvv>GyvvWvvQGvvv?|vvhGC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv+vv?(Non Governmental Organizations

(NGOs))GyvvAvvOLvv{h@vvzO*vv?GC%vv}vv?GCPvvv(QI,Cj@vv(pvv+vvQGyvvTvvzvvhG}Svv9Svv+vv?yvvzvv}vvGvvAvv}vvgvv9J
GyvvvQ*vvvqvvv+vvv?.|vvv#GCgvvvQhaCf

q
$vvvPgGC"vvvdvvv}vvv9J@vvvgvvv}vvv{<vvvWvvvwvvv{Fvvv+vvvOpvvv,Hvvv9dLvvvqvvv̂GyvvvqvvvtvvvQ

GyvvvQ*vvvqvvv,,h@vvvz|vvv_G}|vvv#GyvvvjvvvPGFvvv,h<vvvMvvv9Yvvv?EPG|vvv9Csvvv9|vvvB$vvvPgGC"vvvdvvv}vvv9JVvvvQGvvvv?|vvvh
GAvvwvv(|vv9JGyvv(_vv"vv+vv?.hpvv,Ivv9yvv?Qivv=vv?GAvvwvv(|vv9JGyvv(_vv"vv+vv?G:SvvAvvDvv}vv9Qpvv,Gyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?
GyvvvQ*vvvqvvv+vvv?,pvvv+vvv}vvvwvvv#$vvvPgGC"vvvdvvv}vvv9J@vvvtvvvO*vvv~GCTvvv9fvvvOIG}Svvv9Svvv+vvv?pvvv,Hvvv9:Jh|vvvQGIvvv{
GyvvAvvMvvavv+vvbh<vv"vv9AGyvvavvQbGyvvQ*vvqvv+vv?,hpvv,|vvWvv9Q*vvhGC+vv9ghGyvvavv9svv?.h@vvgvvAvv=vvQGCTvv9Gvv9JGCJvvz+?
fv9OI|vqvAv9M\v}v9fGyvZv+v9!v?Gyv;R|v?hG OGQIGyv"v9FvJv?yvzvTvzvhG}Sv9Sv+v?Gyvgv9|v?.h*v}vwv#
$vvPgGC"vvdvv}vv9J|vvTvv9fvvOIGAvvwvv(|vv9Jpvv,Gyvv(Yvv(dE]C$vvOGpvv%vv9pvv,fvv}vvz+9JGSvvAvvDvv}vv9QG7vv9,
<vvv}vvv(Gpvvvtvvv?G@vvv%vvv9JGC9yvvvwvvv?GCJvvvz+?yvvv%vvvPgGCWvvv9Q*vvvh,h<vvvJvvv+vvvE@vvvwvvv(fCvvvvDvvvQpvvvgqvvv9y+?hpvvv9FvvvOI
CT9fOIGyqtQGA.

h<vv9yvvQivv~|vv#!vvGvv9M$vvPgGC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv+vv?pvv,GyvvgvvO*vvO|vv#ChFvv&@vvtvvO*vv~
GCTvv9fvvOGJyvvzvvOhdGyvv"vv9|vv+vv?hpvvtvvQGFvv%vv9,E:C8vv9D@vvTvvAvvavvhEfvv9OIGyvvTvv;epvv,GCGvvAvv}vvgvv9J
GC"vtvTv}v?fv̂!vqvTv%v9,hiv+vQsv9OQIIvAv)G6ffv̂EKv9OG}!vdv}v?hGyvtv(G!v+#hGyvAvWvQ*vgv9J
GyA,:g{G:SAD}9QGJCvDQp9FOIp,Gy=")GyAJA+?hGy=J(K.

$vvPGh*vvAvvJvvOKGyvvwvvDvv+vvQfvv#:zGyvvAvvqvvwvv+vvQfvv9C+vv9
k

hGyvvgvv}vv{Ivvz+9
k
y(Think Globally, Act

Locally).$vvPg!vvZvv+vvJvv?Fvv+vvOIyvv=vvgvv̂Gyvv"vvWvv9_vv9JGyvvgvv9C+vv?,pvv9yvvAvvqvvwvv+vvQfvv9C+vv9
k
yvv&IvvOhOg

<vvv9yvvvQivvv~|vvv#Cf
q

|vvvgvvvdvvv~Fvvv+vvv9YGyvvvgvvv9DGyvvvwvvvDvvv+vvvQ*vvv#Gy+(e|vvv9RGyvvv(GzIvvvz+9
k
y.vvvv}vvv9Ef

v
GCWvvv9vvvv{

GCJvvvvz+?|vvvvDvvvv{:Gyvvvv=vvvv"vvvv)GyvvvvAvvvvJvvvvAvvvv+vvvv?pvvvv,GyvvvvQ*vvvvr,_vvvvQbGyvvvv(Yvvvv(dE]GBvvvvO|vvvv9JGyvvvvAvvvvgvvvvz+}vvvv+vvvv?
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hGyvvvZvvvJvvv+vvv?,Gyvvvgvvv"vvvZvvvQ*vvv?\vvvOqG@vvv"vvvUhGyvvvzvvv(f,Gyvvv=vvvavvv9yvvv?pvvv,Gyvvvgvvv}vvv{GyvvvRQGfvvv,,\vvvgvvvr
GAvvvvwvvvv(|vvvv9JGyvvvv(_vvvv"vvvv+vvvv?hpvvvvTvvvv9OCFvvvv%vvvvR7vvvv9G OGQ*vvvv?hG}R|vvvv9JGCJvvvvz+?,|vvvv9RGyvvvvBYvvvvgvvvv=vvvv?
GC(GFvvv%vvv?fvvv̂GCTvvvAvvv(iGyvvvgvvv9C,.Ef

q
|vvvgvvvdvvv~$vvvPgGCWvvv9vvvv{GCJvvvz+?Kvvv>EYvvv;Ivvv%vvv9fvvv=vvvQ

E!vvvGvvv9RGJGAvvvwvvv(|vvv9JGyvvv(_vvv"vvv+vvv?,Cjfvvv̂GCTvvvAvvv(iGCJvvv\yvvvw
o
vvv{
q

|vvv"vvv%vvv9.CjEf
q

Gyvvv%vvvOa
G OGQjGCAvvv}vvvDvvv{C|vvv9|vvv"vvv9G6f*vvvAvvv}vvvDvvv{<vvv9yvvvtvvv(dGCzCvvv(Q:pvvvwvvvQIvvvz+9

k
hGfvvv}vvv{h_vvv"vvv+vvv9

k
(Think

Locally Then Act Nationally)
(24).

yvvtvvOsvv9OJGyvvDvvjvvQGJGyvvwvvDvv+vvQIGC(Fvv(OIpvv,Gyvv"vvdvv9eGyvvgvv9C,G@vvO*vvOGyvvAvv,C\vv+vvqvvBE]
GCWvv9vvv{GyvvwvvDvv+vvQIGyvvAvv,*vvAvvTvv~6vv9Gyvvgvv9DGyvv"vv9|vv,,h<vvMvv9Yvv?|vvdvv9$vvQ!vvtvv[GyvvAvvjvvP*vv?hGyvvqvvtvvQ
hG@vvv(Y,E]hFvvv(OvvvvDvvv+vvvQ|vvv#G}|vvvQGVGCQ@vvv=vvvavvv?<vvv9Cdvvv9$vvvQGCPvvvv(QI.vvvv}vvv9COJ|vvvdvvv9$vvvQ
GyvvQpvv9$vv+vv?hGyvvjvv"vv)Gyvvqvv9IvvXyvvOiHvvAvv}vvgvv9JGyvvOhdGCAvvavv(QI,E]cvv%vv(QC|vvQGVGyvvQpvv9$vv+vv?
$PgGCA}Dz?<9yTQ_9!9JhC|QGVGytz>hGyWQG*_hGy=OG!?hi+Q$9.

h*vgvzv~GCMvAvZqv(f<v9yv=v+v8v?Cf
q

GyvAv"v(YGAv+v(j(Biodiversity)*v}vDv{fv"vZvQG
k

CSv9Sv+v9
k
pv,

fvv}vvz+?GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,h$vv(pvv,Gyvv(svvB!vvqvvTvv&|vvwvv(fCSvv9Svv,|vv#|vvwvv(!vv9J
GyvAvGv9QIGyvRQGfv+v?GyvOhy+?!vdvQG

k
E]GIvAv(GFv&fv̂G@v+"9JGyv"v=v9@v+?hGAv+v(G!v+?GCTvAvMvO|v?pv,

fvv}vvz+9JGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?h@vvtvv"vv+vv97vv9,yvvPyvvxSvv(a!vvgvvQVyvv%vvPGGC(\vv(Ypvv,GyvvqvvZvv{
GyA9[.

(24)GCZOQ!qT&.
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*vv|OjGyvvAvv"vv(YGAvv+vv(jGyvvOhQG}$vv~pvv,;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,h<vv9yvvAvv9[
*vvvAvvvJvvvOKGyvvvqvvvZvvv{GAvvv9[fvvv#|vvvqvvv9$vvv+vvv~GyvvvAvvv"vvv(YGAvvv+vvv(jhCGvvv+vvvAvvv&hGC|EvvvQGJGyvvvOhy+?GyvvvAvvv,
fvtvOJpv,GyvgvtvOG}Lv+vQyvzvtvQfGyvgvWvQ*v#Iv(yv&,hfv;svAv&<v9yvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,
hGCWvwv;JGyvAv,@v(GFv%v%v9hG!vgvwv9Sv97v9fv̂GyvAv"v(YGAv+v(jhOhQgpv,;vtv+vtv%v9,|vAv}vDvzv?
<vvwvv{|vv#zsvv}vv?G}QVyh|vv|EvvQzGC"vv9Nyh|vv|EvvQzGyvvTvvwvv9fhGyvvAvv"vv}vv+vv?yh|vv|EvvQzGyvvAvv"vv}vv+vv?
G:svAvZv9O*v?hG:FvAv}v9fv+v?y.vvPyvx*vAvgvQV$vPGGyvqvZv{yv;@vqv9sv9JGyvOhy+?Iv(dGyvAv"v(Y
GAv+v(jhGyv=v+v8v?GC"v=vDvtv?fv#$vPgGC|EvQGJhQv

q
vRfv̂G@vqv9sv+v?GyvAv"v(YGAv+v(jhG@vqv9sv+v?|v"vh

GyvvAvvzvv(KGyvv=vvJvvQjGyvv"vv9:vv?fvv#GCMvvzvvqvv9J.hivva
q
vvBGyvv"vvtvvavv?G}Lvv+vvQI|vv"vv&fvv̂G:SvvAvvQG@vv+Gvv+vv?

GyvvOhy+?yvvzvvAvv"vv(YGAvv+vv(j,|vvQvvvRIfvv̂G}$vvOGaG:SvvAvvQG@vv+Gvv+vv?Avv}vv9*vvAvv&hvvv+vvqvv+vv?GyvvAvvMvvavv+vvb
yvgv}vz+?GAv}v9*v?$vPg,h|vgv9@v?GCWv9vv{Gyv"v9:v?fv"v%v9h|vOi|vTv9Gv?GyvDvtv9pv?GyvWvgv=v+v?pv+v%v9,
E\vv9pvv?E]fvvQV!vv}vv9PL|vv=vvTvvavv?yvv=vvgvv̂GSvvAvvQG@vv+Gvv+vv9JGyvvOhdGCAvvavv(QIhGyvvOhdGyvvgvvQ<vv+?
pvvv,$vvvPGGBvvvZvvv(U6vvvOa;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?,h<vvv9yvvvAvvv9[GCJvvv9pvvvdvvv?fvvv̂
GSA}QGQGyjPGAhO*}(|A&hf^|Z9OQ@(p+Qg.

Ch:
k

:G}G+?Gyg9C+?yzA"(YGA+(j
yvvvtvvvOChQOGyvvv=vvv+vvv(yvvv(Fvvv+vvv(f@vvvgvvvQ*vvvqvvv9

k
yvvvzvvvAvvv"vvv(YGAvvv+vvv(jpvvvtvvv9yvvv(GE!vvv&:z=vvv+vvvhGyvvvwvvv9Fvvv"vvv9J

hGCAvvvgvvv]vvv+vvv9JGAvvv+vvv?GyvvvAvvv,;vvv+vvv9h@vvvgvvv+vvvXfvvv̂vvvv(vvvv>G}QV,hEvvvAvvvOfvvv̂vvvv9|vvv{Svvvz
q
vvv~

GyvAvZv"v+vrhGyvAvav(Q<vOAG
k

|v#Gyvwv9Fv"v9JGyvOsv+vtv?G}O!v)hIvAv)GyvDvO*v+v9JGyvQGsv+v?(Cfv;$v9)y.
yvvtvvOC\vv9pvvBG@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(jGyvvAvv,EvvBfvv9e1992fvvtvv>|vv|EvvQG}QV,GyvvAvv,
Svvv"vvvAvvvgvvvQVyvvv%vvv9:Ivvvtvvv9

k
pvvv,Gyvvv=vvv"vvvOGyvvvDvvv9yvvvE,fvvv̂GyvvvAvvvgvvvQ*vvvrGyvvvTvvv9<vvvu:z@vvv"vvv(YGC(QCvvv9J

(G@vv+"9J)h@vv(Rfvv%vv9pvv,=vv+vvhGyvvwvv9Fvv"vv9JhGCAvvgvv]vv+vv9JGAvv+vv?vvv(8vv9SvvQGAvv+vv9IhFvv($vvQ$vv9,
GCAvvvGvvvz+?<vvv}vvvgvvvGvvv}vvv%vvv9G@vvv+",GyvvvTvvv9Fvvv{GAvvv+vvv(jO.Ef.E*vvv&(DNA)h|vvv9Lvvv(*vvv&|vvv#|vvvz+9QGJ
GyQ|(RGy(QGC+?Gy]9|"?y"}(hGSA}QGQGA+9Iy(1).

(1)Sv(Q*v9,hRGQIGyvOhyv?yvWv|hfGyv=v+v8v?,GyvOQGSv?Gyv(_v"v+v?yvzvAv"v(YGAv+v(jpv,G@v}v%v(Q*v?GyvgvQ<v+?GyvTv(Q*v?
(O|Wu:hIOIGyA"(YGA+(j,1998).
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h*vvtvvOQGyvvgvvzvv}vv9AfvvOOG}!vv(GYGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?hGyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?|vv9<vv+#5vvvvv30
|vvz+(f!vv(Y.hsvvO@vv~hYvvrh@vvgvvQ*vvr1,5|vvz+(f!vv(YpvvtvvbCj4,3pvv,GC8vv?.G@vvOhd
Qsvvvv~(11vvvvv1)*vvvvgvvvvQVG}fvvvvOGOGyvvvvAvvvvtvvvvQ*vvvv=vvvv+vvvv?yvvvv~!vvvv(GYGCgvvvvQhpvvvv?hGCAvvvv(svvvvhhFvvvv(O$vvvv9pvvvv,
GCGv}v(fv9JGyv=v+v(yv(Fv+v?GCMvAvzvqv?fv9C+v9

k
.h<v+"v}v9EvDv{GAvWvQGJhGCqvZvz+9JG}LvQi63

pvv,GC8vv?|vv#Hvv}vv(YGyvvwvv9Fvv"vv9JGAvv+vv?,:EvvDvv{GyvvDvvO*vv+vv9JSvv(i0,3pvv,GC8vv?@vvtvvQ*vv=vv9
k

|vv"vv%vv9,
pv,Iv_@vAv(RYGyv"vTv=v?Gyv=v9sv+v?fv̂Gyv;pvtvQ*v9JhGyv"v=v9@v9Jiv+vQGyvQGsv+v?hGyvwv9Fv"v9JGyvOsv+vtv?
hG}Svv}vv9chGyvvavv+vv(QhGyvvRhGIvvrhGyvv=vvQ|vv9Fvv+vv9Jvvv9yvvAvv9[:8,4pvv,GC8vv?,5,3pvv,GC8vv?,

2,6p,GC8?,1,4p,GC8?0,6p,GC8?h0,6p,GC8?(2)f^GyA(G[.

G@OhdQs~(11vvvvv1)
fOOG}!(GYGy"=9@+?hGA+(G!+?GCgQhp?

hGCA(shhF(O$9p,GCG}(f9JGy=+(y(F+?Gyg9C+?f9e1992(<9}yr)
GCG}(f?Gy=+(y(F+?fOOG}!(GYGCgQhp?GyAtO*QGCA(shy~!(GY

GAWQGJhGCqZz+9JG}LQi874,130000(1)

Gy"=9@9JGyQGs+?248,4275vvvvv400(2)

Gy;ptQ*9J(fOGGCqZz+9J)116,9GygO*O|#GC;*_

Gy"=9@9Ji+QGyQGs+?73,9i+Q|A(pQI

Gyw9F"9JGyOs+t?36,0i+Q|A(pQI

G}S}9c19,021

Gya+(Q9,098p,GC8?|#Gya+(QGCgQhp?

GyRhGIrhGy=Q|9F+9J9,095p,GC8?|#v{G}!(GY

GyDO*+9J4,0v{G}!(GYGCgQhp?

GCG}(Y1390,310000(3)

|;Id9J:(1)sOQ$PGGyQs~|#OQGS?FQJf#Gyj9<9JG:SA(GF+?p,<"}9.
(2)*gAtOCf10vvvvv15p,GC8?f^G}s{|#G}!(GYGy"=9@+?D*wAWr<gO.
(3)*gOGyQs~10|;*_|AJqd9

k
hEPGGfA}OQs~GAWQGJp+Q@qhGyQs~E]CvDQ|#30|z+(!9

k
.

GCZvvOQ:CvvvvQefvvv+vvvTvvv)OQh*vvvXhIvvv}vvvO|vvv9$vvvQsvvv=vvv9svvv+vvv=vvv,,z|vvvqvvv%vvv(eGyvvvAvvv"vvv(YGAvvv+vvv(j:Ivvv9yvvvAvvv&hG}Lvvvavvv9QGyvvvAvvv,
*vAvgvQVyv%v9pv,Sv(Q*v9,yhQsv?svO|vBE]:GyvOhQIGyvAvOQ*v=v+v?Gyvtvav9fv+v?yvzv}v"vdv}v9JGyvWvgv=v+v?,hRGQIGyvOhyv?yvWv|hf
Gy=+8?<9yAg9hf|h|QpuGy=+8?Gyg9C,(GIF),h<Q!9|HG}|~GCAJOIG !}9F,(UNDP),O|Wu,1999.

(2)CvvQefv+vTv)OQh*vXhIv}vO|v9$vQsv=v9sv+v=v,,z|vqv%v(eGyvAv"v(YGAv+v(j:Iv9yvAv&hG}Lvav9QGyvAv,*vAvgvQVyv%v9
pvv,Svv(Q*vv9,yhQsvv?svvO|vvBE]:GyvvOhQIGyvvAvvOQ*vv=vv+vv?Gyvvtvvavv9fvv+vv?yvvzvv}vv"vvdvv}vv9JGyvvWvvgvv=vv+vv?,hRGQIGyvvOhyvv?yvvWvv|hfGyvv=vv+vv8vv?
<9yAg9hf|h|QpuGy=+8?Gyg9C,(GIF),h<Q!9|HG}|~GCAJOIG !}9F,(UNDP),O|Wu,1999.
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C|vv9Gyvv=vv+vv8vv?pvv%vv,Gyvv(SvvbG@vvjvvQGpvv,GyvvPj*vvgvv+vvXpvv+vv&$vvPGGyvvwvv9Fvv#GAvv,.h*vvWvv}vv{$vvPG
Gyvv(SvvbGC"vv9N<vv}vvwvv(!vv9@vv&hG}QVh|vv9;vv(*vv&|vv#@vvQHh!vv=vv9JhIvv+vv(Gfh|vv+vv9gh$vv(GA,
E\vv9pvv?E]G !vvTvv9fhC!vvWvvavvAvv&GCMvvAvvzvvqvv?.vvvPyvvx@vvgvvQqaGyvv=vv+vv8vv?<vvz8vv9Hvv}vv(fvv?Gyvv"vvdvv~Gyvv=vv+vv8vv+vv?
(<vv}vvwvv(!vv97vv9GAvv+vv?hivv+vvQGAvv+vv?)GyvvAvv,;vv+vvb<vv9CGvvAvv}vvgvv9JG !vvTvv9!vv+?GAvv+vv?G}LvvQi,h$vv,
(Gyvv=vv+vv8vv?)GCwvv9fGyvvPjEvv9QSpvv+vv&$vvPgGyvvwvv9Fvv"vv9JGAvv+vv?=vv+vvhC!vvWvvavvAvv%vv9GAvv+vv9@vv+?GCMvvAvvzvvqvv?,
Ivv+vvE@vvTvvAvv}vvO|vv"vv&|vvTvvAvvzvvR|vv9JIvv+vv97vv9h@vvqvvQqZpvv+vv&|vvqvvQRGJ$vvPgG}!vvWvvavv?.h@vvWvv}vv{Gyvv=vv+vv8vv?
C;C?C<g9OQF+T?|Aw9|z?$,:

1vvvvvGy"d9eGya=+g,,CjGya=+g?GCJ+a?h|969|#IQv?h@(GRfh@j+Q.

2vvvvvGy"d9eG:FA}9f,,CjGyg;s9JG:FA}9f+?<+#Gyw9F"9JGA+?.

3vvvvvGy"d9eGyDt9p,,CjGyTz(cGyPj*Agz}&G !T9f|#Gyw9F"9JGA+?(3).

hpvvvv,Svvvv+vvvv9bGyvvvv=vvvv+vvvv8vvvv?|vvvv#Gyvvvv]vvvvQhQj|vvvvgvvvvQpvvvv?|vvvvqvvvv%vvvv(eGyvvvv"vvvvdvvvv9eGyvvvv=vvvv+vvvv8vvvv,GyvvvvPjfvvvvQqpvvvv&
G:LvvAvvZvv9Yvv+vv(f<vvz!vv&:Hvv}vv(YGyvvwvv9Fvv"vv9JGAvv+vv?GC(Fvv(OIpvv,|vvTvv9Ivv?FvvjvvQGpvv+vv?IvvOOIPGJ
cvvQha_vv=vv+vvgvv+vv?|vvgvv+"?(|vv"vv9N,@vvQ<vv?,!vv=vv9@vv9JhIvv+vv(G!vv9J|vvgvv+"?,h|vv9LvvOKpvv+vv%vv9|vv#
@vvqvv9fvv;J<vv+#$vvPgGyvvwvv9Fvv"vv9Jh|vv#\vv}vv"vv%vv9G !vvTvv9f).h|vv#C|vvDvvzvvAvv%vv9G}!vvdvv}vv?Gyvv=vv+vv8vv+vv?pvv,
GyZJQGAhGyj9<9JhGCQGf,hGy=J+QGJhG}89QhGyT%(dhG@=9d...GyN.

EPG
k

$vvv"vvv9c@vvvOGLvvv{hG\vvvK<vvv+#|vvvqvvv%vvv(|vvv,GyvvvAvvv"vvv(YGAvvv+vvv(jvvvvwvvv{,h<vvv+#G}!vvvdvvv}vvv?
Gyv=v+v8v+v?GCMvAvzvqv?.pv,$vPGGCGv9d*v}vwv#Gyvtv(dEf$v"v9cCv;Cv?|vTvAv(*v9JyvzvAv"v(YGAv+v(j
|vvv#Ivvv+vvvEGyvvvWvvv}vvv(y+?:G}hd,$vvv(Gyvvv"vvvdvvv~Gyvvv=vvv+vvv8vvv+vvv?vvvv9yvvvjvvv9<vvv9JhCVvvvwvvv9yvvv%vvv9,hGCQGfvvv,
hCVvvwvv9yvv%vv9,hGyvv=vvJvv+vvQGJhGyvvWvv(G_vvrhCYvv"vv9pvv%vv9,hGyvv"vvdvv~GyvvRQGfvv+vv?GCMvvAvvzvvqvv?hGyvvRQGfvv9J
h@vvv"vvv(fvvv97vvv9...GyvvvN.hGCTvvvAvvv(iGyvvDvv9P,*vvvAvvv}vvvDvvv{<vvv9}!vvv(GYGyvvv"vvv=vvv9@vvv+?hGAvvv+vvv(G!vvv+?hG}Ivvv+vvv9A
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hGyZJ?G@"T+?yA"d+~Gyg;s9JG@"T+?p,E_9QGyRhGLh@w(*#G}SQ(14).

(13)GCZOQ!qT&.
(14)F. Ramade, Ecologie des resources naturelles, collection ecologie appliquée et sciences de

l’environnement masson (Paris: [s. n.], 1981).
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4vvvvv||EQGyA"}+?G:sAZ9O*?vvvvvG:FA}9f+?hGyA"(YGA+(j
fvvvtvvvO$vvvPGGC|EvvvQLvvv;dGyvvvqvvvAvvvQI11vvvvv12/3/1995pvvv,GyvvvOG!vvv}vvvQc,h@vvv(YvvvzvvvB

|vv"vv9svvWvv9@vv&E]fvvtvvOG@vvqvv9svv+vv?<vv+#OhdGyvvWvv}vv9dGyvvjvv"vv+vv?hOhdG@vv"vv(HGyvvqvvtvv+vvQI,Ivv(dh\vvh
Sv+v9Sv?Ohy+?yvzvAv"v}v+v?G:svAvZv9O*v?G:FvAv}v9fv+v?,@vgv9yvH|vWv9vv{GyvqvtvQhGyv=v|ShGyvAvMvzvr
pvv,Hvv}vv(fvv?GyvvOhdGyvvDvv9!vv+?C|vv;

k
pvv,E!vvtvv9Pfvv9C"vv9GAvv9[|vv#Ivv9yvv?GyvvAvvqvv9hJGyvvwvv=vv+vvQFvvOG

k

Gyvtv9Fv}v?G6fpv,@vav(QgG:svAvZv9OjG:FvAv}v9fv,.$vPG,hsvO@vtvO|vBG}|v~GCAvJvOI<vgvOI
GsAQGI9JyA}(*{Gy"}(p,Gyg9DGyD9yECG%9|9*\:

vvvvvEyj9ACh<q+rGyO*(fGCAQ@=?f^GyOhdGy"9|+?.

vvvvv<vvZvv+vv[0,7pvv,GC8vv?|vv#Gyvv"vv9@vvHG =vv9[yvvzvvOhdGCAvvavv(QI(<vvgvvOCfvvv9f1pvv,
GC8?p,GyTA+"+9J)CT9fOIGyOhdGy"9|+?(15).

vvvvvEs9|?Y"OhbOh[yzA"}+?.

E:CfGyvOhdGCAvav(QI(GyvZv"v9fv+v?ChOhdGyvWv}v9d)svO7vQ<vB!vAv+vGv?Gyv"vtv9Vv9J|v#
@vv"vvqvv+vvPGyvv=vv"vvOGyvvDvv9yvvEvvvz+?,hCFqvvzvvB<vvJvvE$vvPGGyvv=vv"vvOE]pvvAvvQICLvvQi,vvv}vv9E8vv9hfvvOJ
<AJt+uGy="OGyD9Pp,CsQHpQY?.

$vvvPG,h*vvv}vvvwvvv#<vvvzvvv(QI!vvvAvvv9FvvvHGC|EvvvQGJGyvvvOhy+?GCQ@vvv=vvvavvv?<vvv9yvvvAvvv"vvv(YGAvvv+vvv(jGyvvvTvvv9<vvvtvvv?
<gQVGy"t9WGyA9y+?:

Cvvvvv|vvh<vvOG*vv?GyvvDvv(QIGyvvZvv"vv9fvv+vv?vvv9f*vvgvv+vvXfvv̂vvv(vvv>G}QVsvvQG<vv?|vvz+9QpvvQO|vv#
Gyvvvwvvv9Fvvv"vvv9JGAvvv+vvv?@vvvtvvvQ*vvv=vvv9

k
.h*vvvgvvv"vvv,$vvvPGyvvvgvvvzvvv}vvv9AGyvvv=vvv+vvv8vvv?hGyvvv=vvv+vvv(yvvv(Fvvv+vvv9ivvv"vvv)G}QV<vvvz!vvv(GY

Gyvvv"vvv=vvv9@vvv9JhGAvvv+vvv(G!vvv9Jpvvv,@vvvQ6vvv9h|vvv9Fvvv%vvv9h$vvv(GFvvv%vvv9,<vvv+"vvv}vvv9|vvvDqvvv{PyvvvxyvvvQFvvv9dGyvvvZvvv"vvv9fvvv?
hG:svvAvvZvv9OhGC9dhpvvQIpvv,GCZvv9OQGyvvavv=vv+vvgvv+vv?GAvv+vv?GyvvAvv,@vv]vv}vv#yvv%vv~GSvvAvv}vvQGQOhQGf
QCSGC9dGCA}D{<9CZ9!hhGyWQv9JhGCg9|{hGCWQhf9J.

Hvvvvv|vvh8vv9*vv?GyvvtvvQfGyvvgvvWvvQ*vv#!vvGvvOCfsvvOQGJGC(GQOGyvvavv=vv+vvgvv+vv?hIvvOhO$vv9svvO@vv~
:v9hR$v9vvDv+vQG

k
,<v{CSv,AGSvAvMvOG|v%v9,EPpvtvOCvvDvQ|v#15pv,GC8v?|v#@v"v(fv%v9GAv+v(j

IvvAvv)fvv9e2000(vvv}vv9PvvvQB!vvqvv9
k
),h<vv9yvvAvv9[:<vvO|vv#Efvv9OIGyvv"vvdvvQpvv,_vvQ*vvtvv?GSvvAvvjvv;d

$PgGC(GQOGya=+g+?EPG|9Qi="9<9SA}QGQGA+9If^v(v>G}QV.

LvvvvvEfsvv]vv+vv?GyvvAvv"vv(YGAvv+vv(jhYvv+vv9!vvAvv&VvvO*vvOIG:yvvAvvZvv9b<vv9CTvv9Fvv{G:FvvAvv}vv9fvv+vv?
G:svvAvvZvv9O*vv?hsvv]vv9*vv9GyvvAvv"vv}vv+vv?pvv,JvvAvvzvvrGCGvvAvv}vvgvv9J,h:*vv}vvwvv#|vvgvv9@vv?svv]vv+vv?GyvvAvv"vv(Y

(15)Gyg\,GCZOQ!qT&.
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GAvv+vv(j<vvgvv+vvOG
k

fvv#|vvWvv9vvv{GyvvAvv"vv}vv+vv?.h|vv#$vv"vv9<vvQRJGCqvv9$vv+vv~G:svvAvvZvv9O*vv?yvvzvvAvv"vv(YGAvv+vv(j
h\vvQhQIE<vvQGR$vv9fvv̂GCTvvQMGyvvTvv+vv9Svv,hG:FvvAvv}vv9fvv,hG:svvAvvZvv9Oj,fvv"vvOh\vvhLvvavvb
GyvAv"v}v+v?hG<v9PGyvtvQGQGJGyvAv"v}v(*v?GyvAv"vqv+vP*v?,hPyvx<vAvtvO*vQGyvtv+v}v?G:svAvZv9O*v?yvzv}v"vAvGv9J
Gyvvavv=vv+vvgvv+vv?GyvvAvv,KvvQjGSvvAvvjvv;yvv%vv9|vv#Gyvvavv=vv+vvgvv?|vv=vv9VvvQIhfvv̂IvvTvv9HvvvDvv+vvQ|vv#Gyvvwvv9Fvv"vv9J
GAv+v?|v#OhfCfEvQ<v}vQIvzv?@vTv(*vu|vDv{CLvWv9HGyv(sv(OhG}fv;ahIv+v(G!v9JGyvZv+vO
hiv+vQ$v9,@vtvO*vQGyvtv+v}v?G:svAvZv9O*v?yvzv}v"vAvGv9JGyvav=v+vgv+v?GAv+v?GyvAv,@vTvAvgv}v{:v9Q*v9

k
|vDv{:

GCJvvv9Yvvv+vvv{hGBvvv]vvv9QhGyvvvqvvv9vvvv%vvv?hGC"vvvAvvvGvvv9JGAvvv+vvv(G!vvv+?hG}Svvv}vvv9chGyvvv"vvv=vvv9@vvv9JGyvvvavvv=vvv+vvv?
hGyvAv(G<v{.hEvDv{GyvavQ*vtvAv9fGyvTv9<vtvAv9fChFv&G:SvAvjv;dGC=v9VvQyvzv}v(GQOGyvav=v+vgv+v?GAv+v?,
h@vtvO*vQGyvtv+v~G:svAvZv9O*v?CGv}v(fv?|v#Gyvgv}vz+9Jiv+vQGCJvTv(Sv?yvzvwv9Fv"v9JGAv+v?vvgv}vz+?
Gyvv=vv"vv9AGyvv]vv(Fvv,,h$vv,Cvvv=vvQ|vvZvvOQyvvzvv}vv(GOGyvvwvvQ<vv($vv9*vvOQG@vv+?(Carbohydrates),hCSvv9S
GA+9If^SaKG}QVh@"d+~CI(GdGC"9N.

OvvvvvEf>vv9*vv?GyvvAvv"vv(YGAvv+vv(jGCAvv}vvDvv{<vv9CJvv9pvvdvv?fvv̂Gyvv"vvdvv~Gyvv=vv+vv8vv+vv?Gyvvavv=vv+vvgvv+vv?,hfvv̂
GC(GQOGAvv+vv?,CjGyvv"vv=vv9@vv9JhGAvv+vv(G!vv9JhGyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?G}LvvQi,hfvv̂GC(GQOivv+vvQ
GAvv+vv?pvv,Gyvv=vv+vv8vv?GyvvAvv,@vvgvvAvv}vvOfvvz+%vv9Gyvvwvv9Fvv"vv9JGAvv+vv?pvv,!vv}vv($vv9hGSvvAvv}vvQGQhFvv(O$vv9fvv̂
GyvvwvvQIG}Q\vv+vv?,C|vvQ<vv9yvvkG}Gvv+vv?|vv#CFvv{GCJvv9pvvdvv?fvv̂GyvvAvv(GRfGyvv=vv+vv8vv,pvv,Gyvvgvv9D|vv#
F%?,h|#CF{GyA"}+?GyW9|z?yz}GA}hGy=WQj|#F%?CLQi.

$vvvvvvvv*v}vwv#G}!v(GYGyv"v=v9@v+?hGAv+v(G!v+?h|vZv9OQ$v9Gyv(QGCv+v?Cf@v|OjOhQG
k

|v%v}v9
k
pv,

GyvvvAvvv"vvv}vvv+vvv?G:svvvAvvvZvvv9O*vvv?hG:FvvvAvvv}vvv9fvvv+vvv?Gyvvvgvvv9C+vvv?.yvvvPyvvvxCLvvvPJ|vvvQGvvvvRGyvvv=vvvJvvv(KGyvvvOhy+?
hG svvvvz+}vvvv+vvvv?hGyvvvv(_vvvv"vvvv+vvvv?hG@vvvv9|vvvvgvvvv9JhGC|SvvvvTvvvv9JhGyvvvvWvvvvQvvvvv9JG:svvvvAvvvvZvvvv9O*vvvv?GCAvvvvgvvvvOOI
G@v"vTv+v9J,@v=vQRG}Gv+v?Gyvgvzv}v+v?hG:svAvZv9O*v?hG@v}v9y+?yv~!v(GYGyv"v=v9@v+?hGAv+v(G!v+?,pv,
GCJvv9pvvdvv?fvv̂$vvPGGyvvAvvQGKGyvvavv=vv+vvgvv,hfvv̂Gyvvqvv9FvvOIGyvvAvv,*vv}vvwvv#Fvv"vv+vv%vv9|vv"vv%vv9pvv,GyvvRQGfvv?
hGyvvvjvvvPGAhGyvvvavvv>hGyvvvZvvv"vvv9fvvv?hGyvvvTvvv+vvv9Ivvv?hivvv+vvvQ$vvv9,hQvvvvRJfvvv̂GCTvvv|hy+?G}Lvvv;svvv+vvv?
y5!T9fp,GCJ9pd?f^$PgGy"d~Gy=+8+?h|969|#@"(YI+(j.

hvvvvv@vvgvvAvv=vvQivv9<vv9JG}|vv9RhfGyvv"vvdvv9eGyvv=vv+vv8vv,G}vvvDvvQ@vvavv(QG
k

hivv"vv)k<vv9Cwvv(!vv9JGyvv"vv=vv9@vv+?
hGAvv+vv(G!vv+?GyvvWvvO*vvOIGyvvAvv"vv(YhGyvvjvvR*vvQIGyvvgvvOO.h<vvTvv=vv>hFvv(O$vv9pvv,|vv"vvavvtvv?|vv"vv9Lvv+vv?VvvO*vvOI
G}|vvavv9Q:<vvOCf*vvwvv(fyvvAvvO$vv(Q$vv9G!vvgvvwvv9Svv9JLvvavv+vvQIfvv̂Gyvv=vv+vv8vv?hfvv̂GC"vv9Ny+Upvv,
|vv"vvavvtvvAvv%vv9pvvJvvTvv>,hE!vv}vv9pvv,Gyvvgvv9DC=vvh,Cjy+Upvv,Gyvv=vvQGR*vv{hE!vv}vv9SvvAvvAvvgvvOG$vv9E]
Hv}v{GyvwvQIG}Q\v+v?!vdvQG

k
C9yv%vPgGyvjv9<v9J|v#@vzCv+vQpv,OQFv?IvQGQIG@v(hQ_v(<vAv%v9,

EP@vvtvv(e$vvPgGyvvjvv9<vv9J<vv}vv%vv}vv?G:IvvAvvqvv9X<vv}vv+vv9gG}|vvavv9QGCJvv9pvvdvv?fvv̂!vvTvv=vv?G}hvvvTvvGvv_
hi9RGywQ<(fp,G@(.
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RvvvvvEfG:$vvAvv}vv9e<vvJvv}vv9*vv?Gyvvavv=vv+vvgvv?<vv}vv9pvv+vv%vv9|vv#C!vv(GY!vv=vv9@vv+?hIvv+vv(G!vv+?h!vvdvv~<vv+8vv+vv?,
*vvgvvAvv=vvQIvvO*vvEGyvvgvv%vvOpvv,Gyvvgvv9D.vvv}vv9EfLvv=vvQIGyvvOhdpvv,$vvPGGCGvv9d|vv9RGyvvBIvvOhOI,
!vvdvvQG

k
E]$vvWvv9Vvv?svv9fvvOIGyvv=vv+vv9!vv9JGCAvv(GpvvQIyvvO9vv9,E:C8vv9@vvAvvQvvvRfvv9|vv9

k
<vvgvvOBLvvQ<vvqvv]vv{

G$vvvAvvv}vvv9eGC"vvvdvvv}vvv9JGyvvvOhy+?GCMvvvAvvvzvvvqvvv?hGyvvvOhdh|vvvQGvvvvRGyvvv=vvvJvvv(KGyvvvAvvv,@vvv"vvvWvvvQGyvvvOQGSvvv9J
GCMAzq?I(d$PGGC(\(Y.

Mvvvvv@vvgvvAvv=vvQGyvv"vv=vv9@vv9JGyvv=vvQ*vv?|vvZvvOQG}ivvP*vv?G@vvO*vvOI<vv9yvv"vvTvv=vv?E]G !vvTvv9f,h$vv,
@vvWvvw

q
vv{|vvOLvvQGJhQGCvv+vv?*vv}vvwvv"vv&G:SvvAvvqvv9OI|vv"vv%vv9pvv,;vvTvv_Gyvv"vv=vv9@vv9JGCTvvAvvgvv}vvzvv?Ivv9y+9

k
pvv,

@vvjvvP*vv?$vvPGG !vvTvv9fhGAvv+vv(GfSvv(GA|vv#Ivv+vvESvvQfvv?!vv}vv($vv9ChR*vv9OI|vvQOhO$vv9ChR*vv9OI
|vtv9h|vAv%v9yv7pv9JChyvzvGvqv9aChyvzv=vQO,hPyvxfv#_vQ*vuGyvAv%vGv_hG:!vAvMv9H,pv"v=v9J
Gyvv=vv"vvOhQI|vvDvv;

k
|vvZvvOQgGCwvvTvv+vvxhsvvOCOLvv{E]ChQh<vv9pvv,GyvvtvvQfGyvvTvv9OSfvvWvvQIvv+vvE

Sv}v9gG *vav9y+(fGyvAvqv9MGyvP$v=v,(Pomodora)h|v"v&GVvAvtvBvvzv}v?Gyv=v"vOhQIGCTvAvgv}vzv?pv,
GyvWvQbG}hSvb.h*vqvwvQG:LvAvZv9Yv+v(fG6f<vAvJvTv__vgv~GyvDv}v9Qhsv+v}vAv%v9GyvjvPGFv+v?fv#
_vvvQ*vvvu7vvvGvvv+"%vvv9|vvvhGyvvv"vvv=vvv9JGyvvv=vvvQjG}YvvvqvvvQGyvvvzvvv(fGC(Fvvv(OIvvv9y+9

k
pvvv,C|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?

hGyvvjvv"vv,FvvOG
k
<vvqvv+vvAvv9|vv_L.vvvPyvvx$vv"vv9cOQGSvv9JvvvDvv+vvQIfvv#GvvvAvvWvv9aGyvvwvvDvv+vvQ|vv#G}Oh*vv?

|#Gy"=9@9JGy=Q*?p,|g9@?C|QGVGytz>hGyTQ_9!9JhG *ORhi+Q$9.

Wvvvvvh<vvv9yvvvQivvv~|vvv#R*vvv9OIfvvvOOGyvvv=vvvJvvv(Kpvvv,$vvvPGGBvvvZvvv(U,pvvv{ffvvvOOGyvvv"vvv=vvv9@vvv9J
GCOQhSvv?:@vvAvvGvv9hR2pvv,GC8vv?IvvAvv)G6f,fvvzvv}vv9

k
Cf@vv(svvgvv9JGyvvgvvzvv}vv9A@vvWvv+vvQE]CfCvvvDvvQ

|vvv#50Cyvvvqvvv9
k

|vvv#Gyvvvgvvvtvvv9svvv+vvvQGyvvvavvv=vvv+vvv?<vvvAvvv=vvvrpvvv,CR$vvv9Qh<vvvPhQhChQGbhFvvvPhQGyvvv"vvv=vvv9@vvv9J
Gyvvv=vvv9svvv+vvv?.yvvvtvvvOSvvvGvvvzvvvB|vvv"vvvdvvv}vvv?GyvvvZvvvJvvv?Gyvvvgvvv9C+vvv?GvvvvAvvvWvvv9a!vvv=vvv9JVvvvGvvvQjGSvvv}vvv&VvvvGvvvQI
GyvvvZvvv9<vvv(!vvv?(Phytolacca dodecandra)*vvvTvvv9$vvv~<vvvqvvvgvvv9y+?pvvv,|vvvgvvv9@vvv?|vvvQVGyvvv=vvvzvvv%vvv9QSvvv+vvv9,
h<vv9yvvAvv9[pvv9BvvTvv9QIvvv=vv+vvQIFvvOG

k
E:C!vv"vv9:!vvTvvAvvavv+vvhCf!vvGvvReOGFvv}vv9

k
<vvzfvvv{!vv=vv9J<vvQjPh

pv9FvOIvv=v+vQIyv5!vTv9fvvjvPGAChOhGA,hyvwv#@v(FvOIvtv+vtv?|v%v}v?@vWv+vQE]Cf$v"v9cfvOI
|vv8vv9J|vv#<vv+#GyvvgvvWvvQ*vv#Cyvvqvv9

k
|vv#Gyvv"vv=vv9@vv9JGCgvvQq\vv?yvv;!vvtvvQGVyvv%vv9pvv9FvvOIyvv5!vvTvv9fhKvv>

GCJ9pd?fz+%9(16).

jvvvvv$vv"vv9c|vvgvv(svv9JfvvO*vvOI;vv(dOhf;vvtvv+vvu@vvtvvOevvv=vv+vvQpvv,Fvv%vv(O>vv9*vv?GyvvAvv"vv(Y
GA+(j|"%9|D;

k
:

(1)fvvOeEfvvavv9ALvvavvbGyvvAvv"vv}vv+vv?G:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?G:$vvAvv}vv9eGC"vv9Svv>yvvtvv+vv}vv?
GC(GQOGya=+g+?GA+?.

(16)GCZOQ!qT&.
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(2)EfG@vvv9!vvv>G}vvvv=vvvQ|vvv#fvvv9FvvvOGJGSvvvAvvvjvvv;dGC(GQOGyvvvavvv=vvv+vvvgvvv+vvv?GAvvv+vvv?*vvvZvvv>pvvv,
LRGF#v=9QGyQCS}9y+_,<+"}9*AJ}{GC(G_"(ff>AGyAwzq?p,GC"9_uGCTAD}QI.

(3)$vv"vv9cIvv9Fvv?|vv9Svv?yvvOQGSvv?Gyvvgvv;svv?<vv+#G}!vvdvv}vv?Gyvv=vv+vv8vv+vv?GCMvvAvvzvvqvv?hG}!vv(GY
Gyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?GyvvAvv,;vv}vv)6vv9,EPEfFvv%vv(OhE|vvwvv9!vv9Jfvvzvv}vv9AGyvvAvvZvv"vv+vvrpvv,QYvvO
hhYvrGyvwv9Fv"v9JGAv+v?,|v9RGyvBsv9YvQIfv#|vgvQpv?fvOOvv=v+vQ|v#Gyvwv9Fv"v9JGAv+v?,<v{
EfGywD+Q|#$PgGyw9F"9J*"tQVs={|gQp?CG+A&.

(4)GyvvtvvZvv(QGyvvgvvzvv}vv,pvv,|vvgvvQpvv?Svv=vv{EOGQIGCZvv9FvvOGyvv=vvJvvQ*vv?fvv9FvvRIfvv#;vvtvv+vvu
G:SvAvjv;dG}|vDv{yvzv}v(GQOGyv=vJvQ*v?GAv+v?,vv}v9Ef$v"v9civ}v(\v9

k
Iv(dIvtv+vtv?GCMvRhf

Gya=+g,|#$PgGC(GQOh<M9Y?GyDO*+9JGy=JQ*?.

(5)\vvgvvrGC"vvdvv}vv9JhGyvv%vv+vv8vv9JGyvvgvv9|vvzvv?pvv,>vv9*vv?Gyvv=vv+vv8vv?hGC(GQOGyvvavv=vv+vvgvv+vv?GAvv+vv?,
E\vvv9pvvv?E]fvvv}vvvzvvv%vvv9GC"vvvqvvvZvvv{h@vvvQvvvv+vvvR!vvvWvvv9_vvv97vvv9pvvv,Hvvv9:J\vvv+vvvtvvv?,E\vvv9pvvv?E]\vvvgvvvr
GyA}(*{GB9U6PgGC"d}9J.

|vvv#Lvvv;dGyvvv"vvvtvvv9WhhFvvv%vvv9JGyvvv"vvvdvvvQGCgvvvQh\vvv?GBvvv9Yvvv?<vvv9yvvvAvvv"vvv(YGAvvv+vvv(j,VvvvgvvvQ
GCTv|hyv(ffv#Gyv=v+v8v?<v]vQhQIhFv(O@vWvQ*vhfv9C,Lv9pvefv̂$vPGGyvAv"v(YGAv+v(j\v}v9!v9

k

:SvvAvv}vvQGQIvv+vv9IG}Fvv+vv9dGCTvvAvvtvv=vvz+?.hQivv~hFvv(OfvvOO|vv#GCJvv}vv+vv9JGyvvavv=vv+vvgvv+vv?Gyvv"vv=vv9@vv+?
hGAvv+vv(G!vv+?*vvR*vvOfvvOO$vv9fvv#4500Ivv}vv+vv?@vvWvvjvv{|vvTvv9Ivv?@vvR*vvOfvv#500|vvz+(f$vvwvvAvv9Q
yvzv}vJv9pvdv?fv̂G}!v(GYGyv"v=v9@v+?hGAv+v(G!v+?GC%vOOI<v9:!vtvQGV,pvtvO\v}v#GCWv9Qvv(fpv,
|vv|EvvQsvv}vv?G}QVCvvvDvvQ|vv#150Ohyvv?|vv(svvgvv?fvv̂G@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(jIvvAvv)fvv9e

1992,<vv9yvvQivv~|vv#G|vvAvv"vv9YGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hGy+9<vv9fhivv+vvQGvv9|vv#GyvvOhd
G}hQh<+?p,GyA(s+hfz+%9p,Gy=OG*?,E:C89f9OJhhsgBfz+%9p,|9<gO(17).

C9yD9

k
:G@q9s+?GyA"(YGA+(jGyOhy+?

PvvvQ!vv9Cfsvv}vv?G}QVGyvvAvv,fvvtvvOJfvv9e1992pvv,GyvvQ*vv(pvv,Gyvv=vvQGR*vv{,svvOCsvvQJ
G@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(jGBvv9Yvv?<vvJvv}vv9*vv?G}!vv(GYGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?hGyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?
OGLvv{GyvvOhd,hpvv,|vv9<vv+"vv%vv9,6vvOaGCJvv9pvvdvv?fvv̂vvv(vvv>G}QV.pvv,Vvv%vvQIvvR*vvQGf/
*vv(!vv+(|vv#Gyvvgvv9e!vvqvvTvv&hCCvv"vv9AG!vvgvvtvv9O|vv|EvvQG}|vv~GCAvvJvvOIIvv(dGyvv=vv+vv8vv?hGyvvAvv"vv}vv+vv?,hsvvgvvB

150Ohyvvv?pvvv,GyvvvOhyvvv?GCPvvvv(QIfvvv̂G:@vvvqvvv9svvv+vvv?,hpvvv,vvvv9!vvv(fG}hd/O*vvvTvvv}vvv=vvvQ|vvv#fvvv9e
1993,CYvv=vvJvvBG:@vvqvv9svv+vv?GCPvvv(QI!vv9pvvPIGCqvvgvv(d.hsvvOhGpvvtvvB|vvgvvdvv~GyvvOhdGyvvgvvQ<vv+?

(17)GCZOQ!qT&.
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fvvvz+%vvv9QSvvv}vvv+vvv9
k

fvvv9e1995vvvv}vvv9!vvvgvvvzvvv~,hCLvvvPJ@vvvgvvv}vvv{fvvv̂Gyvvv(pvvv9A<vvv9yvvvAvvvRG|vvv97vvv9:vvv9g
G:@vqv9sv+v?.hyvtvO\v}qvBG@vqv9sv+v?GyvAv"v(YGAv+v(jsvQG<v?42|v9OIVv}vzvBGyvwvDv+vQ|v#GC(G\v+vh
v9fC<QR$9GyA9[:

vvvvvG}$OGa.

vvvvvGCZazJ9JGCTAMO|?.

vvvvvG _9QGyt9!(P.

vvvvvGyAg9hfGyOh[.

vvvvvG FQGAGJGyg9|?yZ+9!?GyA"(YGA+(jhGSAD}9QgGCTAOGe.

vvvvvGyZ+9!?Gya=+g+?<9C(shhL9QLGC(sh.

vvvvvG:SAD}9QGCTAOGeCw(!9JGyA"(YGA+(j.

vvvvvGy=JEGygz},hGyAOQ*>.

vvvvvGy(f,hGyADt+rGyWg=,.

vvvvv@tO*QG}CQGy=+8,h@tz+{G}La9Qi+QGCA(sg?.

vvvvvGAZ(df^GCZ9OQGy(QGC+?hGyAt"+9JGAO*D?<A=9OdGCgz(|9J.

vvvvvGyAg9hfGygz},hv+q+?GyAg9|{|hGyAt"+9JGA+(*?h@(R*hp(GFO$9.

vvvvvv+q+?GyA}(*{hEOGQIV|hfG:@q9s+?h|(\(f9JCLQi(18).

hp,|9*\C$~|]9|_<g^|(GO$9(19):

GC9OIG}h],<vvJvvDvvBpvv,:Yvv+vv9!vv?GyvvAvv"vv(YGAvv+vv(j;G:SvvAvvDvv}vv9QGCTvvAvvO*vv~Cwvv(!vv9J
GyvvAvv"vv(YGAvv+vv(j;G:svvAvvTvv9eGyvvgvv9Odyvvzvvqvv(GFvvOGyvv"vv9=vv?fvv#GSvvAvvDvv}vv9QGCZvv9OQGyvv(QGCvv+vv?<vv}vv9pvv,
PyvvvxIvvvQ*vvv?Gyvvv(Yvvv(dE]$vvvPgGCZvvv9OQ;|vvvhGfvvvAvvv=vvv9Q=vvv+vvvhIvvvtvvv(bGCzvvvwvvv+vvv?hvvvvPyvvvx!vvvtvvv{
GyAt"+9JGC"9S=?hGyA}(*{.

C|v9GC9OIGyvDv9!v+?,pv]v}qvB@vgv9Q*vrvv{|v#:G}!v(GYhGyvAv"v(YGyv(QGCv,\v}v#Gyv"v(Y
pvv,Gyvv=vvzvvOG}Yvv\yvvzvv}vvZvv9OQGyvv(QGCvv+vv?;G}!vv(GYGCOFvv"vv?yvv~Yvv(dGyvv(QGCvv+vv?Gyvv"vvdvv~Gyvv=vv+vv8vv+vv?;
GyvvvvZvvvv+vvvv9!vvvv?Lvvvv9QLGC(svvvvhGyvvvvavvvv=vvvv+vvvvgvvvv,;GC(GFvvvv{;VvvvvQhWGC(svvvvhGyvvvvavvvv=vvvv+vvvvgvvvv,;GCJvvvv}vvvv+vvvv9J

(18)*vv(Svvr<vvQvvv(OI,zG@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(j:|vv#@vvqvvTvv+vvQG:;vv9OGyvvOh[Avv}vv9*vv?Gyvvavv=vv+vvgvv?,yhQsvv?svvO|vvB
E]:!OhIp,S=+{GSAQG@+G+?h_"+?yzA"(YGA+(j,hRGQIGyAgz+~Gyg9[,O|Wu,1999.

(19)yzA(Shp,|gQp?<"(OG:@q9s+?G}LQi,G!dQ:GCZOQ!qT&.
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hCVw9y%9;G:SAD}9QGCTAOGe;GyAt"+9J,<}9p,PyxGyAt"+9JGA+(*?.

C|q9GC9OIGyT9OS?,pJOOJEFQGAGJGA}9*?hG:SAD}9QGCTAOGev}9*\:

!@vvavv(*vvQGSvvAvvQG@vv+Gvv+vv?h_vv"vv+vv?hLvvavvbh<vvQG|vvHyvvZvv+vv9!vv?GyvvAvv"vv(YGAvv+vv(jhGSvvAvvDvv}vv9Qg
GCTAO*~.

!@vvv]vvv}vvv_GSvvvAvvvQG@vvv+Gvvv+vvv?>vvv9*vvv?GyvvvAvvv"vvv(YGAvvv+vvv(jhGSvvvAvvvDvvv}vvv9QgGCTvvvAvvvOGepvvv,GBvvvavvvb
Gyta9f+?h<QG|HGyA"}+?hS+9S979GyW9|z?.

!;vvvO*vvvOGyvvvtvvv+vvv~GC%vvv}vvv?Cwvvv(!vvv9JGyvvvAvvv"vvv(YGAvvv+vvv(j|vvvDvvv{:Gyvvvtvvv+vvv}vvv?Gyvvvavvv=vvv+vvv?;Gyvvvtvvv+vvv}vvv?
GyvvRQGfvv+vv?;Gyvvtvv+vv}vv?G:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvgvvzvv}vv+vv?hGAvv]vv9Q*vv?;Gyvvtvv+vv}vv?GyvvAvvavv(Q*vv?
hGB9Y?<9yg}z+9JGy=+(y(F+?.

C|v9GC9OIGyvgv9VvQI,pvAv(\vKG:SvAvDv}v9QGCTvAvOGeCwv(!v9JGyvAv"v(YGAv+v(jEPhQO$vPG
G:Yvav;Mpv,fvOI|v(GOLv;a$vPgGC9OI(GC9OIGyvDv9|v"v?|vDv;

k
),h@vWvw

q
v{$vPgGC9OI$vOpv9

k

CSvv9Svv+vv9
k

|vv#C$vvOGaG:@vvqvv9svv+vv?.fvv}vv(|vv9
k
*vvTvvAvvDvv}vvQG !vvTvv9f|vvwvv(!vv9JGyvvAvv"vv(YGAvv+vv(j<vvzVvvwvv9d

VvvvAvvv),|vvv"vvv%vvv9:G:svvvAvvvZvvv9O*vvv?(pvvv,Svvv=vvv+vvv{Gyvvvgvvv+vvvXChGyvvvAvvvTvvv(*vvvu);h|vvv"vvv%vvv9ivvv+vvvQG:svvvAvvvZvvv9O*vvv?
(vvvv9:SvvvAvvvDvvv}vvv9QGAvvv]vvv9QjhGyvvvO*vvv"vvv,|vvvDvvv{GCRGQGJ).vvvv}vvv9*vvv}vvvwvvv#@vvvZvvv"vvv+vvvrG:SvvvAvvvDvvv}vvv9QE]
GSvvvAvvv%vvv;vvvv,(fvvv#_vvvQ*vvvuG@vvv}vvvhhGyvvvZvvv+vvvOyvvvzvvvjvvvPGAhGyvvvOhGAhGyvvvzvvv=vvv9ShGCzhihGBvvvWvvv>
hGyv(sv(OhG}y+9a,h;v(*v{Gyvjv9<v?E]CQGV

m
RQGfv+v?h:vqv+vrGCTvAv"vtvgv9JyvzvRQGfv?Ch<v"v9A

GyvvvavvvQbChE@vvv;aGCQFvvv9ffvvv#_vvvQ*vvvuGyvvvAvvvzvvv(qK);hivvv+vvvQGSvvvAvvv%vvv;vvvv,|vvvDvvv{:@vvvQ<vvv+?Gyvvv"vvv=vvv9J
hGA+(GfhGSAMOGeGC(GshGCtOS?}iQGVI]9Q*?ChO*"+?,ChyzT+9I?.

9OaG:SAD}9QGCTAOGeE]@z|_:

!pvv(GFvvO@vv"vv}vv(*vv?fvv#_vvQ*vvu@vvz|vv_|vv(GQO_vv=vv+vvgvv+vv?|vv%vv}vv?yvvzvvTvvwvv9f,|vvDvv{@vvz|vv_GyvvQj
yvvzvv=vvOh,h<vv9yvvAvv9[@vvZvv=vvKGSvvAvvgvv9OIfvv9pvv+vv?G}!vv(GYGCTvvAvv"vvqvvOI<vv9:SvvAvvDvv}vv9QG@vv9FvvQPGJ|vvOyvv(d
yzTw9f.

!pvv(GFvvOGyvvZvv+vv9!vv?Ivv+vvE*vv}vvwvv#fvv#_vvQ*vvuYvv+vv9!vv?G}!vv(GYG:svvAvvZvv9O*vv?>vv9*vv?Gyvv"vvdvv~
Gy=+8+?hG}!(GYGC|sA?.

*}w#Gy(Y(dE]G:SAD}9QGCTAOGeEPGv9f:

!:*tz{|#E|w9!+?G:SAD}9QyzG}9f?GCtZ(OIhI+(*A%9f^GCOiGy=g+O.

!EPGv9f*A}9V)|hI+(*?Gy"d~Gy=+8+?GCQGpt?f^GCOiGy=g+O.

!EPGv9f:*tz{|#G:SAD}9QGCTAt=\y~!(GYGCQGpt?.
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hpvvtvv9
k
yvv=vv"vv(OGC9OIQsvv~(26)|vv#G@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(j,Kvv>fvv̂GyvvOhdGC(svvgvv?

fvvvz+%vvv9hGyvvv=vvv9yvvvjvvv?158IvvvAvvv)fvvv9e1997,h\vvvhGSvvvAvvvQG@vvv+Gvvv+vvv9Jh_vvv"vvv+vvv?yvvvZvvv+vvv9!vvv?GyvvvAvvv"vvv(Y
GAv+v(jpv+v%v9h@vz|v_G:SvAvDv}v9QGCTvAvOGeC(GQO$v9Gyv=v+v(yv(Fv+v?.vvPyvxfv̂vv{|v"v%v9@vtvO*v~
@vvvtvvv9Q*vvvQIvvv(dG FvvvQGAGJGyvvvAvvv,G<vvvP7vvv9pvvv,Svvv=vvv+vvv{@vvv"vvvqvvv+vvvP<vvv"vvv(OG:@vvvqvvv9svvv+vvv?hpvvvgvvv9y+?$vvvPg
G FvvQGAGJpvv,Gyvv(Yvv(dE]C$vvOGaG:@vvqvv9svv+vv?,hPyvvxpvv,|vv(Gfvv+vvOIvvOOI|vv#svv=vv{|vv|EvvQ
G}_QGaGC(sg?f^G:@q9s+?.

|vvDvv;
k

vvv9!vvBG@vv}vv%vv(Q*vv?GyvvgvvQ<vv+?GyvvTvv(Q*vv?,|vv#ChdGyvvOhdGyvvgvvQ<vv+?GyvvAvv,GyvvAvvR|vvB
QSv}v+v9

k
<v9@vqv9sv+v?GyvAv"v(YGAv+v(j.h@v~Pyvx<vZvOhQGCQSv(eG@v}v%v(QjGBv9U<vPyvxpv,

Vv=v9W/pv=vQG*vQfv9e1995vv}v9PvvQB!vqv9
k
.h|v#GCgvzv(eC*v]v9

k
CfSv(Q*v9|v#GyvOhdGyvgvQ<v+?

GyvvQGFvvOIpvv,Hvv9dGyvv=vv+vv8vv?,Ivv+vvE@vvgvvAvv=vvQ|vv#GyvvOhdGyvvgvvQ<vv+?Gyvvtvv;Fvv{GyvvAvv,6vv9hRGQIOhyvv?
yvWv|hfGyv=v+v8v?(20),GyvAv,C!vWv8vB6v9hIvOILv9Yv?<v9yvAv"v(YGAv+v(jhGCJv}v+v9JGyvav=v+vgv+v?,
vvv}vv9Svv}qvvB|vv"vvTvvtvv9

k
h_vv"vv+vv9

k
Lvv9Yvv9

k
<vv9yvvAvv"vv(YGAvv+vv(j.hsvvO@vvgvv9h!vvBhRGQIGyvvOhyvv?yvvWvv|hf

Gyvv=vv+vv8vv?|vvh<vvQ!vv9|vvHG}|vv~GCAvvJvvOIGyvv=vv+vv8vv,h<vvAvv}vv(*vv{|vv#Yvv"vvOhbGyvv=vv+vv8vv?Gyvvgvv9C,,pvv,Gyvvtvv+vv9e
<vv9yvvOQGSvv?Gyvv(_vv"vv+vv?yvvzvvAvv"vv(YGAvv+vv(jpvv,Svv(Q*vv9,GyvvAvv,:vv}vvh|vvgvvdvv~|vv9hQOpvv,GCQGFvvh
Gyvgvzv}v+v?Iv(dG}Iv+v9AGyv"v=v9@v+?hGAv+v(G!v+?hiv+vQ$v9pv,Sv(Q*v9.vv}v9sv9|vBGyv(RGQIGCPvv(QI
fvv9e1999h<vv9yvvAvvgvv9hf|vvh<vvQ!vv9|vvHG}|vv~GCAvvJvvOIG !vv}vv9Fvv,h<vvAvv}vv(*vv{|vv#Yvv"vvOhbGyvv=vv+vv8vv?
Gyvvgvv9C,,<vv{fvvOGOGSvvAvvQG@vv+Gvv+vv?hLvvavv?Gyvvgvv}vv{Gyvv(_vv"vv+vv?yvvzvvAvv"vv(YGAvv+vv(jAvv}vv9*vvAvv&hGSvvAvvDvv}vv9Qg
<vvvZvvv(QI|vvvTvvvAvvvOG|vvv?svvv9<vvvzvvv?yvvv;SvvvAvvv}vvvQGQ.hsvvvO@vvv~Pyvvvx<vvv9yvvvAvvvWvvv9hQhGyvvvAvvv"vvvTvvv+vvvu<vvv+#G}_vvvQGa
Gyvvvv(_vvvv"vvvv+vvvv?fvvvv̂GLvvvvAvvvv;pvvvv%vvvv9PGJGyvvvvgvvvv;svvvv?|vvvvDvvvv{:hRGQGJGyvvvvRQGfvvvv?hG Yvvvv;MGyvvvvRQGfvvvv,
hGyvvAvvgvvz+~Gyvvgvv9[hGyvvAvvQ<vv+?hGyvvTvv+vv9Ivv?hGyvvZvv"vv9fvv?hGyvv"vvtvv{,hG@vv9|vvgvv9JGyvvTvv(Q*vv?h|vvQGvvvR
Gyvv=vvJvv(KGyvv(_vv"vv+vv?hG svvz+}vv+vv?hGyvvOhy+?,hGC"vvdvv}vv9JGyvvWvvgvv=vv+vv?vvv9:;vv9OGyvv"vvTvv9Fvv,hG;vv9O
Gyq;I_hG;9OGyaz=?,h|"d}?V=+=?GyD(QIh!t9<?GC%"OS_hGyta9YGB9U(21).

$PG,h*Q@=b<9@q9s+?GyA"(YGA+(jGCPv(QIv{|#G:@q9s+9JGyA9y+?:

!Ef;fQ*(f9e1972hFOhdCf}9dGytQfGy(GIOhGygWQ*#.

!G@q9s+?|"hGyAz(KGy=JQjGy"9@Hf#GCMzq9J.

(20)pvv,fvv9e2004COHvvBhRGQIGyvvOhyvv?yvvWvv|hfGyvv=vv+vv8vv?<vv(RGQIG OGQIGCJvvz+?<vvJvv+vvE*vvavvzvvufvvz+%vv9G6f
hRGQIG OGQIGCJz+?hGy=+8?.

(21)*v(Svr<vQvv(OI,zGyvAvRG|v9JSv(Q*v?!vJv(G@vqv9sv+v?GyvAv"v(YGAv+v(j,yhQsv?svO|vBE]:GyvOhQIGyvAvOQ*v=v+v?
Gyta9f+?yz}"d}9JGyWg=+?,1999.
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!G@q9s+?<9RdGB9Y?<"t{Gy"q9*9JGBaQIOhy+9
k
.

!G:@q9s+?GyOhy+?C"hGyAz(K|#GyTq#.

!G@vvqvv9svv+vvAvv9GC"vv9Nh_vv=vvtvv?G}hRhfyvvAvv;pvv,G6Cvv9QGyvv=vv+vv8vv+vv?GyvvAvv,svvO@vvtvvhfvv̂GyvvAvv"vv(Y
Gy=+(y(F,f9e1992.

!G@vvqvv9svv+vv?GyvvAvvGvv9QIGyvvOhy+?GBvv9Yvv?<vv9}!vv(GYGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?GC%vvOOI<vv9:!vvtvvQGV
f9e1973.

!G@vvvqvvv9svvv+vvv?G}QG\vvv,GyvvvQ_vvv=vvv?GBvvv9Yvvv?<vvvTvvvwvvv#Gyvvvavvv+vvv(QGC9Fvvv+vvv?,CjG@vvvqvvv9svvv+vvv?QG|vvvTvvv9Q
(Ramsar)f9e1971.

!G@q9s+?<(fA}9*?Gya+(QhGA+(G!9JGy=Q*?hGC%9FQIf9e1979.

!G@q9s+?Gy+(!Tw(yZ(fGyAQGKGya=+g,hGA]9QjGyg9C,yg9e1972.

!G@vvqvv9svv+vv?GAvvqvv9Xfvv̂GC"vv9cvvQhGCWvv9$vvOG}Q\vv+vv?,:!vvOSvvwvv+vv>(Landscape)fvv9e
1982

!|g9$OIGAq9Xf^Gya=+g?hGC(GQOGya=+g+?p,GyOhdG6S+(*?f9e1985

!G@q9s+?<QfA}9*?G}!(GYGC%9FQIf9e1979(22).

QG<g9
k

:G:SAQG@+G+?GyOhy+?yzA"(YGA+(j
yvtvOCOi@vRG*vOGyvTvwv9fpv,Gyvgv9DhGSvAvDv}v9Q$v~G@v9FvQyvzv}v(GQOGyvav=v+vgv+v?fv=vQB:a

GyvvTvv"vv_,E]@vvO$vv(QhG\vvKyvvzvv=vv+vv8vv?h@vvQGFvvhpvv,CfvvOGOGyvvAvv"vv(YGAvv+vv(jfvv̂GCTvvAvv(*vv9J
Gyvgv9C+v?hG svz+}v+v?hGyv(_v"v+v?.h|v#GCJvAv}v{Cf*vtv(O$vPGGyvAvO$v(QE]7vO*vO<vtv9AGyv=vWvQ*v?
hGyvAv"v}v+v?GCTvAvOG|v?.h:IvePyvxGyv=v9IvDv(fhG:LvAvZv9Yv+v(ffv̂JvAvzvrGCTvAv(*v9J,EP
:<vzv(YvJv+vqv?ChvvAv9HCh!vWvQICLv=v9Q|v#|vDv9dfv#@vO$v(Qyvzv=v+v8v?ChG!vtvQGVIv+v(Gf
|vv9Ch!vv=vv9J|vv9Pjsvv+vv}vv?GsvvAvvZvv9O*vv?.fvv̂GCTvvAvv(iGyvvgvvQNhGyvv(_vv"vv,$vv"vv9cC|vvDvvzvv?vvvDvv+vvQIfvv#
GyvvAvvZvvJvvQh@vvO$vv(QIvv9yvv?GC+vv9ghGyvv%vv(GAhGyvvjvv9<vv9Jhvvv}vv+vv9JG}Svv}vv9chGyvvavv+vv(QhG}Ivv+vv9A
Gy=Q*?,|gQhp?yw{|(G_#.

hvvv}vv9PvvvQpvv,GyvvqvvtvvQIGyvvTvv9<vvtvv?,Fvv9AJG@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(jfvv9e1992yvvAvv]vvh
IvvOG

k
yvv%vvPGGyvvAvvO$vv(QGyvv=vv+vv8vv,hGyvvAvvQGFvvhpvv,CfvvOGOGAvv+vv(G!vv9JhGyvv"vv=vv9@vv9J,ChyvvzvvAvvMvvqvv+vvr|vv#

(22)S(Q*9,hRGQIGyOhy?yW|hfGy=+8?,GyOQGS?Gy(_"+?yzA"(YGA+(jp,G@}%(Q*?GygQ<+?GyT(Q*?.
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h_vvzIPyvvxfvv̂GCGvvAvv}vvhGyvvOh[,pvvzyvvR|vvBGC9OIQsvv~(26)|vv"vv%vv9=vv+vvhG}_vvQGaGC(svvgvv?
fvz+%v9<v(\vhGSvAvQG@v+Gv+v?h_v"v+v?yvwv{|v"v%v9Av}v9*v?hYv+v9!v?GyvAv"v(YGAv+v(jpv+v%v9hGSvAvDv}v9Q
|vv(GQO$vv9Gyvv=vv+vv(yvv(Fvv+vv?<vvWvvwvv{|vvTvvAvvOGe.vvv}vv9CyvvR|vvBGC9OIGCPvvv(QIvvv{Ohyvv?|vv(svvgvv?fvv̂
G:@vvvqvvv9svvv+vvv?<vvvAvvvtvvvO*vvv~@vvvtvvv9Q*vvvQOhQ*vvv?Ivvv(dG FvvvQGAGJGyvvvAvvv,G<vvvP7vvv9pvvv,Svvv=vvv+vvv{@vvv"vvvqvvv+vvvP<vvv"vvv(O
G:@vvvqvvv9svvv+vvv?h|vvvOipvvvgvvv9y+?$vvvPgG FvvvQGAGJpvvv,Gyvvv(Yvvv(dE]C$vvvOGaG:@vvvqvvv9svvv+vvv?GCAvvv}vvvDvvvzvvv?
<vvAvvJvvtvv+vvuGyvvAvv"vv}vv+vv?G:svvAvvZvv9O*vv?vvvvvG:FvvAvv}vv9fvv+vv?GCTvvAvvOG|vv?,hG:SvvAvvDvv}vv9QGCTvvAvvOGeCwvv(!vv9J
GyA"(YGA+(jhPyxp,|(Gf+OLOO$9||EQG}_QGa(GyOhdGC(sg?f^G:@q9s+?).

h@vvvv=vvvvgvvvv9
k
yvvvvPyvvvvxsvvvv9e,h*vvvvtvvvv(e,GyvvvvwvvvvDvvvv+vvvvQ|vvvv#GyvvvvOhdGC(svvvvgvvvv?fvvvv̂G:@vvvvqvvvv9svvvv+vvvv?<vvvv{fvvvvOGO

GSvvAvvQG@vv+Gvv+vv97vv9GBvv9Yvv?fvv#GyvvAvv"vv(YGAvv+vv(jyvvO9vv9hvvv+vvqvv+vv?GAvvqvv9Xfvvz+&,|vvAvv=vvgvv?pvv,Pyvvx
GBvav(WGyvgvQ*v]v?yv;SvAvQG@v+Gv+v?hLvav?Gyvgv}v{GyvOhy+?yvzvAv"v(YGAv+v(jGyvAv,CfvO$v9G:;v9O
GyOh[A}9*?Gya=+g?(IUCN)hGyA,S"gQVy%9<W,A|#G K9Rp,|9*\:

1vvvvvGBa(WGyg9|?y;SAQG@+G+?GyOhy+?yzA"(YGA+(j
yvtvOQGpvtvBGyv"v%v]v?GyvZv"v9fv+v?pv,ChGLvQGyvtvQfGyvAv9SvhfvWvQ!vWv9_v9Jfvzv}v+v?vvDv+vqv?

COqJE]pvv%vv~Fvv+vvOyvvzvvAvv"vv(YGAvv+vv(j|vv#!vv=vv9JhIvv+vv(Gf,hE]GSvvAvvgvv}vv9dCpvv]vv{yvv&EPCOi
@vvvZvvv"vvv+vvvrGyvvv"vvv=vvv9JhGAvvv+vvv(Gfhpvvv%vvv~fvvv"vvv9YvvvQGvvv9Gyvvv(QGCvvv+vvv?E]GyvvvOLvvv(dpvvv,@vvvqvvv9Yvvv+vvv{GC9OI
Gyvv(QGCvv+vv?hGfvvAvv=vv9Q$vv9FvvRAG

k
|vv%vv}vv9

k
|vv#|vvwvv(!vv9JGAvv+vv9Ifvv̂G}QV.Ivv9y+9

k
*vvAvvZvvQaGyvvgvv9D

6vvPgGC9OI<vvTvv%vv(yvv?vvv=vv+vvQI,Ivv+vvE*vvAvvGvv&E]GCJvv9pvvdvv?fvv̂Gyvvwvv9Fvv"vv9JGAvv+vv?hfvv"vv9YvvQ$vv9
Gy(QGC+?vGRA|#GyDQhIGya=+g+?GyA,|#qfz+"969GB9yufRhF{.

hsvvvOSvvv9GvvvBGC|SvvvTvvv9JGyvvvOhy+?hGyvvv(_vvv"vvv+vvv?GyvvvgvvvO*vvvOI<vvvAvvv"vvvqvvv+vvvP|vvvAvvvavvvzvvv=vvv9JhQivvv=vvv9J
G:@vvvqvvv9svvv9JGyvvvOhy+?<vvvzVvvvwvvv9dfvvvO*vvvOI,|vvv"vvv%vvv9GC9O*vvv?hGyvvvAvvvtvvv"vvv+vvv?hGCgvvv"vvv(*vvv?.h|vvv#C$vvv~$vvvPg
GC|SvTv9JGyvOhy+?:|vQpvuGyv=v+v8v?Gyvgv9C,;h<vQ!v9|vHG}|v~GCAvJvOIyvzv=v+v8v?;h<vQ!v9|vHG}|v~
GCAvvJvvOIG !vv}vv9Fvv,;hG:;vv9OGyvvOh[Avv}vv9*vv?Gyvvavv=vv+vvgvv?;hGCgvv%vvOGyvvOh[yvvzvv}vvZvv9OQGyvv(QGCvv+vv?
Gyvv"vv=vv9@vv+?.h@vv=vvzvv(QJ|vvqvv9$vv+vv~$vvPgGC"vvdvv}vv9JGyvvOhy+?<vvJvv}vv9*vv?GyvvAvv"vv(YGAvv+vv(jGyvvOh[<vv(\vvh
La(WfQ*]?f9|?:SAQG@+G+?Ohy+?yzA"(YGA+(js(G|%9CSUC;C?$,(23):

!G _9QGyOh[yz}J9pd?f^GyA"(YGA+(j.

(23)World Resources Institute (WRI), International Union for Conservation of Nature and

Natural Resources (IUCN) and United Nations Environment Programme (UNEP), Global Biodiversity

Strategy: Guidelines for Action to Save, Study, and Use Earth’s Biotic Wealth Sustainably and Equitably

(Washington, DC: WRI; IUCN; UNEP, 1992).
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!G}Svvv8vvvzvvv?G}Svvv9Svvv+vvv?Gyvvv(GFvvv>GfvvvAvvv}vvv9O$vvv9pvvv,GyvvvAvvvtvvv9Q*vvvQGyvvv(_vvv"vvv+vvv?GCQpvvv(fvvv?C|EvvvQ
G}_QGaS"(*9

k
f#I9y?GyA"(YGA+(j.

!EOGQIG}!d}?Gy=+8+?hG !}9AGCTAOGeyz}J9pd?f^GyA"(YGA+(j.

hp,|9*\@(\+K|qZq{y%PgG}SU:

ytOV}{$PGG _9QGyOh[yz}J9pd?f^GyA"(YGA+(jv;
k
|#Gy="(OGyA9y+?:

CvvvvvEfvv9OIGyvv"vvdvvQpvv,GyvvAvvWvvQ*vvgvv9JGyvvgvv9FvvOIyvv;SvvAvvqvv9OI|vv#GSvvAvvgvv}vv9dGyvvAvv"vv(YGAvv+vv(j
GC%OhQ.

HvvvvvGyAMq+r|#G:fA}9Of^$OQGC(GQOGA+(*?.

LvvvvvG@}h<+#GCJ9pd?f^GyA"(YGA+(jhG:sAZ9OGyOh[.

OvvvvvFg{GCT9fOGJG !}9F+?FRAG
k

|#GCJ9pd?f^GyA"(YGA+(j.

$vvvvvvvvv@WG+hGSAg}9dGy"9@HhGBO|9J|#Gy=+8?Gy=Q*?yz}ZzJ?GCJz+?.

hvvvvvEK9OG}!d}?hGC|ST9JyzAg9|{|hGyA"(YGA+(jEsz+}+9
k
.

RvvvvvEVQGcGyta9YGB9Uh|T9fO@&p,GCJ9pd?f^GyA"(YGA+(j.

MvvvvvG@}h|9<+#GCJ9pd?f^GyA"(YGA+(jhEOGQIGC(GQOGA+(*?Gy=+(y(F+?.

WvvvvvR*9OIGy(f,f^@t++~GyA"(YGA+(jhf^@tO*Qs+}A&.

jvvvvvE!}9AGytOQGJGy=WQ*?p,GCJ9pd?f^GyA"(YGA+(j.

cvvvvv@g}+~!A9FHGy=J(KGygz}+?h@a=+u!A9FG%9p,GCJ9pd?f^GyA"(YGA+(j.

dvvvvv@vvtvv(*vv?GyvvtvvOQGJpvv,GCJvv9pvvdvv?fvv̂G}Yvv"vv9ahHvv}vv(fvv9JGyvvAvv"vv(YGyvv(QGCvv,pvv,
|(Gsg%9Gya=+g+?.

evvvvv|vvTvv9fvvOIGC|SvvTvv9JGCMvvAvvZvv?fvv̂@vvgvv}vv+vv~GCgvvzvv(|vv9Jpvv,GCJvv9pvvdvv?fvv̂GyvvAvv"vv(Y
GA+(jhG:SAq9OI|"&.

fvvvvv@vvvtvvv(*vvv?C!vvvdvvv}vvv?GCJvvv9pvvvdvvv?fvvv̂GyvvvAvvv"vvv(YGAvvv+vvv(jLvvv9QLGC(svvvhvvvvAvvv(fvvv+vvv?GyvvvTvvvwvvv9f
GCJz+_.

SvvvvvEfvvavv9AGyvvTvvwvv9fGCJvvz+_GCavvzvvgvv_@vvtvvz+O*vv9
k

fvv̂GCZvv9OQGyvv(QGCvv+vv?|vv9*vvTvvAvvJvvtvv(f
|#G}Q<9MGyg9FOIy%~.
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YvvvvvEYvvv;MGBvvvzvvv{pvvv,GyvvvAvvv(GRfGyvvvgvvv9FvvvO:SvvvAvvvgvvv}vvv9dGC(GQOGAvvv+vvv(*vvv?<vvvavvvQ*vvvtvvv?ivvv+vvvQ
|TAOG|?,hEVQGcGCGA}hGCJ\p,GCJ9pd?fz+%9.

avvvvvR*vvv9OI|vvv+vvvRG!vvv+9JGCJvvv9pvvvdvvv?fvvv̂GyvvvAvvv"vvv(YGAvvv+vvv(jhR*vvv9OIGyvvv;|vvvQvvvvR*vvv?hEKvvv9O
|Z9OQ|9y+?yZQp%9p,S=+{GCJ9pd?f^GyA"(YGA+(j.

UvvvvvGyvvAvvgvvQafvv̂G}hyvv(*vv9JGCJvvz+?hGyvvOhy+?yvvAvvtvv(*vv?!vvdvv9eGCJvv}vv+vv9JGyvvavv=vv+vvgvv+vv?
hOhQ$9p,GCJ9pd?f^GyA"(YGA+(j(24).

2vvvvvG}Sv8vzv?G}Sv9Sv+v?Gyv(GFv>GfvAv}v9O$v9pv,GyvAvtv9Q*vQGyv(_v"v+v?GCQpv(fv?C|EvQ
G}_QGaS"(*9

k
f#I9y?GyA"(YGA+(j

ytO\}

q
B$PgG}S8z?GyA9[:

Cvvvvv|=OCGCW9Qv?,Cj|#$~GCW9Qv(fp,EfOGOGyAt9Q*Q?

HvvvvvGy(\hGyQG$#}$~f"9YQGyA"(YGA+(j.

LvvvvvCS=9H@O$(QGyA"(YGA+(jhGBT9QIGy"9=?f"&.

OvvvvvC$~Gyt(iGC|CQIf^GyAj++Qp,h\hGyA"(YGA+(j.

$vvvvvvvvv|9$,G}hy(*9JGyA,CLPJ<g_G:fA=9Q?

hvvvvv|9$,G}$OGaGC}w#s+9S%9hGyA,CLPJ<g_G:fA=9Q?

Rvvvvvv+q+?@g}+~Gy(f,GyWg=,f^CG+?hp(GFOGyA"(YGA+(j.

Mvvvvv${|#E|w9!9JyzA"T+uhGCA9<g??

Wvvvvvv+q+?GCT9fOIG:SAQG@+G+?Gy(_"+?p,E|w9!9JGyA"q+P|#Gy"9I+?Gyg}z+??

jvvvvv${GA9F?GA9y+?yA"q+PGBa(GJG:SAQG@+G+?IOOIhhG\J??

cvvvvv$vvv{|vvv#Ivvv9Fvvv?\vvvQhQ*vvv?yvvvR*vvv9OIG |vvvwvvv9!vvv9JGyvvvgvvvzvvv}vvv+vvv?pvvv,GC|SvvvTvvv9JPGJ
Gyg;s?,hp,GC"d}9JGyWg=+??

dvvvvv|vvv9$vvv,GCMvvvavvvavvv9JhGyvvv=vvvQG|vvvHhGyvvvTvvv+vvv9Svvv9JGyvvvAvvv,EvvvBOQGSvvvAvvv%vvv9?h|vvv9|vvvOi
@zC+Q$9p,GCJ9pd?f^GyA"(YGA+(jhf^GSAOG|A&?

(24)|vv+vvWvv+vv{CNC!vvavv(f,zGBvvavv(WGyvvgvv9|vv?yvv;SvvAvvQG@vv+Gvv+vv?GyvvOhy+?,G !vv}vv9AGCTvvAvvO*vv~hGyvvAvvtvv9Q*vvQGyvv(_vv"vv+vv?,y
(GAvvzvvtvv?Gyvv(_vv"vv+vv?GyvvDvv9!vv+?:SvvAvvQG@vv+Gvv+vv?hLvvavv?Gyvvgvv}vv{Gyvv(_vv"vv+vv?yvvzvvAvv"vv(YGAvv+vv(jpvv,Svv(Q*vv9,Fvv9|vvgvv?Gyvv=vvgvvE,vvvz+?
Gy%"OS?,>[,1999).
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evvvvvvvvvv+vvvvr@vvvv~GfvvvvAvvvv=vvvv9Q_vvvvQb|vvvvgvvvv9@vvvv?:Gyvvvv"vvvvdvvvv9eGyvvvv=vvvv+vvvv8vvvv,,GBvvvvavvvv(GJGyvvvv(svvvv9Fvvvv+vvvv?pvvvv,
GyAMa+b,EOGQIGCgz(|9JhGCW9Qv??

fvvvvv|v9$v,Jvavav9JEVvQGcGyvtvav9fv9JGCMvAvzvqv?pv,@v"vqv+vPhGSvAvOG|v?GCJv9pvdv?fv̂
Gyw9F"9JGA+??

Svvvvv|v9$v,Jvavav9JGCTv9fvOI|v#GyvOhdGCAvtvO|v?,h$v{$v"v9cJvavav9Jyv(Fv(O
|T9fOGJ|#GyOhdGCAtO|?yzOhdGy"9|+??

Yvvvvv|vv9$vv,GBvvavv(GJGCJvvOOIGCgvvAvv}vvOIyvvzvvAvvJvvTvvUhR*vv9OIGSvvAvvgvv}vv9dGC(GQOGAvv+vv(*vv?
<Ww{|TAO*~?

avvvvv|vv9$vv,E|vvwvv9!vv+9JGCWvv9Qvvv?pvv,G:SvvAvvqvv9OIGyvv"vv9:vv?fvv#G:SvvAvvgvv}vv9dhGCJvv9pvvdvv?
f^GC(GQOGA+(*?,h${|#ia9As9!(Py%PgG:SAq9OI?(25).

3vvvvvG}$OGaG:SAQG@+G+?A}9*?hY+9!?GyA"(YGA+(j
*vv}vvwvv#CfEvvDqvv{C*vv?GSvvAvvQG@vv+Gvv+vv?h_vv"vv+vv?yvvZvv+vv9!vv?GyvvAvv"vv(YGAvv+vv(j6vvQe*vv(\vvK=vv+vvh

G FvvQGAGJGyvv;R|vv?yvvzvvAvvGvv9hH|vvhG:@vvqvv9svv+vv?GyvvOhy+?yvvZvv+vv9!vv?GyvvAvv"vv(YGAvv+vv(jhGSvvAvvDvv}vv9Qg
GCTAOGe,I+EEfS;|?$PgG:SAQG@+G+?@gA}Of^S;|?CFRGA$PGGy%Qe.

@vvWvvw
q
vv{Yvv+vv9!vv?h>vv9*vv?GC(GQOGAvv+vv(*vv?hG}Ivv+vv9AGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?G}Svv9SGyvv;Re

yvvv5!vvvAvvv9LGyvvv(GpvvvQhGCTvvvAvvvO*vvv~yvvv~Fvvv+vvv9dGAvvv9y+?.vvvv}vvv9LvvvqvvveE|vvvwvvv9!vvv+?G !vvvAvvv9LyvvvAvvvavvvzvvvgvvv9J
G}Fvv+vv9dGyvvtvv9O|vv?,pvv9yvvZvv+vv9!vv?<vv}vvqvv%vv(|vv%vv9G Kvv9N@vvgvv"vv,GAvv}vv9*vv?hGAvvqvv9Xfvv̂GyvvAvv"vv(Y
GAvvv+vvv(jhG:SvvvAvvvDvvv}vvv9QGCTvvvAvvvOGeyvvvzvvv}vvv(GQOGAvvv+vvv(*vvv?,hGSvvvAvvvZvvv;M$vvvPgGC(GQOh;vvvTvvv+"%vvv9
\}#<+8?Sz+}?.

*vAv}vDv{G:SvAvDv}v9QGCTvAvOGehGyvQVv+vOC(GQOG}Iv+v9A<vgvOeGyvAvqvQ*vb<v9yvQYv+vOGyv(_v"v,
h;vvvtvvv+vvvuE|vvvwvvv9!vvv+?G !vvvAvvv9L<vvvZvvv(QIsvvv9<vvvzvvv?yvvv;SvvvAvvv}vvvQGQpvvv,GCTvvvAvvvtvvv=vvv{Gyvvv=vvvgvvv+vvvO.h@vvvAvvv]vvv}vvv#
G:SvvAvv}vvQGQ*vv?G Ivv9_vv?<vvGvv}vv+vvhGyvvgvv(G|vv{Gyvv=vv+vv8vv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvTvv+vv9Svv+vv?,
GyvvAvv,@vv|CvvQfvv̂GyvvAvv"vv(YGAvv+vv(jfvv̂GCOiGyvvtvvZvv+vvQhGyvv=vvgvv+vvOfvv̂IvvOSvv(GA.C|vv9C$vvOGa
Y+9!?h>9*?GyA"(YGA+(jp+}w#IZQ$9<9yA9[(26):

(25)GCZOQ!qT&.
(26)*vv(Svvr<vvQvvv(OI,zG}$vvOGaG:SvvAvvQG@vv+Gvv+vv?Avv}vv9*vv?hYvv+vv9!vv?GyvvAvv"vv(YGAvv+vv(jpvv,Svv(Q*vv9,yhQsvv?svvO|vvB

E]:!OhIp,S=+{GSAQG@+G+?h_"+?yzA"(YGA+(j.

473



GyWw{Qs~(11vvvvv1)
$QeGSAQG@+G+?Y+9!?h>9*?GyA"(YGA+(jf^GCTA(iGy(_",

GCZvOQ:*v(Svr<vQvv(OI,zG@vqv9sv+v?GyvAv"v(YGAv+v(j:|v#@vqvTv+vQG:;v9OGyvOh[Av}v9*v?Gyvav=v+vgv?,yhQsv?svO|vB
E]:!OhIp,S=+{GSAQG@+G+?h_"+?yzA"(YGA+(j,hRGQIGyAgz+~Gyg9[,O|Wu,1999.

!;vvvO*vvvOhhYvvvrIvvv9yvvv?|vvvwvvv(!vvv9JGyvvvAvvv"vvv(YGAvvv+vvv(j<vvvZvvv(QIVvvv9|vvvzvvv?;vvv+vvvb<vvvGvvv}vvv+vvvh
|vvTvvAvv(*vv9JGyvvAvv"vv(YGAvv+vv(j:|vv#Gyvv"vvdvv~Gyvv=vv+vv8vv+vv?|vvDvv{Gyvvjvv9<vv9JhGCQGfvv,hGyvvWvv(G_vvrhGyvv"vvdvv~
GyRQGf+?,E]G}!(GYGA+?Gy"=9@+?hGA+(G!+?,E]GyA"(*hGy(QGC,yz"(YGy(QGC,Gy(GIO.

!G OGQIhGyvTv+vavQIfv̂=v+vhG}Sv=v9HhGyvdv(G$vQGC%vOOICwv(!v9JGyvAv"v(YGAv+v(j
Gy(_",hGC|O*?E]@O$(Q$9Ch@ZJQ$9ChG!tQG\%9\}#IOhOG |w9f.

!Ofv~hEQSv9A!vdv9eh_v"v,|vAvwv9|v{|v#GCJv}v+v9JGyvjv9<v(*v?hGyv%v9|vWv+v?hGyvWv9_v8v+v?
hGyvvQfvv(*vv?,<vv}vv9*vvWvv}vv{=vv+vvhCVvvwvv9dGyvv"vvdvv~Gyvv=vv+vv8vv?Gyvvavv=vv+vvgvv+vv?hG}!vv(GYGyvv"vv=vv9@vv+?hGAvv+vv(G!vv+?
Gy=Q*?hGC9F+?(GygP<?hGy=JQ*?).

!@vvOfvv+vv~Yvv+vv9!vv?GyvvAvv"vv(YGyvv(QGCvv,Gyvv"vv=vv9OhGAvv+vv(GPfvv̂GyvvAvvQGHGyvv(_vv"vv,,h<vvMvv9Yvv?
|v9$v(|vTvAvMvOepv,GyvRQGfv?h@vQ<v+?GAv+v(Gf,h<v9yvAvJvO*vOG}Yv"v9ahGyvTv;:JGyv=vzvO*v?
hGyvavQRGyv=v+v8v+v?GCAvwv+vqv?|vhGyv=v+v8v?GCJvz+?,<v9fvAv=v9Q$v9@vQGCv9

k
Iv+v(*v9

k
h_v"v+v9

k
PGCGv+v?GsvAvZv9O*v?

p9Ft?.
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!@vvvOfvvv+vvv~GyvvvtvvvOQGJGyvvv(_vvv"vvv+vvv?pvvv,Hvvv9dGAvvv}vvv9*vvv?hGyvvvZvvv+vvv9!vvv?fvvv#_vvvQ*vvvuGCZvvv9Qa
Gyv(QGCv+v?Gyv"v=v9@v+?hGAv+v(G!v+?hGAvtv(dGyv(QGCv+v?,hIvOGFvuGyv"v=v9JhGAv+v(Gf,hGyvZv+v9!v?fv#
_Q*uY"9f?Gy"THh@qQf979.

!E!vvWvv9A!vvdvv9eQYvvOhQsvv9<vv?|vv"vv9Svv>9vvOaE]|vvAvv9<vvgvv?=vv+vvhGyvvAvv=vvO:JGyvvAvv,*vv}vvwvv#
Cf@vavQCfv̂|vwv(!v9JGyvAv"v(YGAv+v(jpv,=v+vhGCTvAv(*v9J,hPyvx:SvAv+vgv9HGyvgv;sv9J
GCAvv=vv9Oyvv?pvv,Gyvv"vvdvv~Gyvv=vv+vv8vv+vv?GCMvvAvvzvvqvv?,h@vvtvv+vv+vv~=vv+vvhfvv}vvz+9JGyvvZvv+vv9!vv?hGAvv}vv9*vv?,h@vvtvvO*vvQ
!vGv9MChpvWv{OQFv?G:SvAvDv}v9QGCTvAvOGeh<vQGHv&hSv+v9Sv9@v&,hPyvx<vAvJvO*vOGC|SvTv9J
GCT|hy?f#Pyxh@a(*Q<QGH%9h@qg+z%9<}9*]}#GSA}QGQGRO$9QGyA"(YGA+(j.

!GyvvvAvvvgvvv9hfhGyvvvAvvv"vvvTvvv+vvvu<vvv+#=vvv+vvvhGyvvv(RGQGJhGC|SvvvTvvv9Jfvvv̂GCTvvvAvvv(iGyvvv(_vvv"vvv,;
hGyvvvAvvvgvvv9hf|vvvhGyvvvOhdGyvvvgvvvQ<vvv+?fvvv̂GCTvvvAvvv(iG svvvz+}vvv,;h|vvvhOhdGyvvvgvvv9Dfvvv̂GCTvvvAvvv(i
GyOh[;p,Y+9!?GyA"(YGA+(jhGSAD}9QGC(GQOGA+(*?<Ww{s9<{y;SA}QGQ.

4vvvvv<a+bGyA"(YGA+(j
@vWv}v{fv}vz+?GyvAvMvav+vbyvzvAv"v(YGAv+v(jGyvgvO*vO|v#Gyv"vtv9WGyv(GFv>OQGSvAv%v9<vAv}vgv#

hOs?IOOG9G:;9OGyOh[A}9*?Gya=+g?<9y"t9WGyqQf+?GyA9y+?(27):

Cvvvvv|T+QIGyAMa+b

h@vWv}v{$vPgGCTv+vQISv=vhLvav(GJ$v,:GyvAv"vdv+v~,GyvAvtv(*v~,h\vhG:SvAvQG@v+Gv+v?,
h\vvvhGBvvvavvv?,@vvv"vvvqvvv+vvvPGBvvvavvv?,GCQGsvvv=vvv?hEfvvvOGOyvvvAvvvtvvvQ*vvvQ.hpvvv,|vvv9*vvv\@vvv(\vvv+vvvJvvv9Jyvvv%vvvPg
Gy"t9W:

(1)GyvvAvv"vvdvv+vv~,h*vvvtvvvZvvvO|vvv"vvv&E!vvvWvvv9AE_vvv9Q|vvv|SvvvTvvv,h;vvvO*vvvOsvvv+vvv9OIhEQSvvv9A_vvvQ*vvvtvvv?
@vvgvv9hfh@vvTvv}vv+vv?pvvQ*vvu|vvAvvgvvOOG:LvvAvvZvv9Yvv9J,*vvWvv}vv{=vv+vvhGyvvtvvavv9fvv9JhQYvvO|vv(GR!vv?.
h@]~Gy="+?GyA"d+}+?GCAqufz+%9;O*OGy%+89JhGy(c9FrGyA9y+?:

(C)vvvvv|vvQvvvRG@vvZvv9dIvvwvv(|vv,,h$vv($vv+vv8vv?Ivvwvv(|vv+vv?Ch$vv+vv8vv9Jhcvv+vvqvvAvv%vv9!vvWvv9_vv9J
GyvvAvvMvvavv+vvbyvvzvvAvv"vv(YGAvv+vv(jGyvv(_vv"vv,.h*vvAvv~;vv]vv+vvQG:SvvAvvQG@vv+Gvv+vv?hLvvavv?Gyvvgvv}vv{Gyvv(_vv"vv+vv?
AvvTvv9HGCQvvvRGyvv(_vv"vv,yvv;@vvZvv9dGyvvPjyvv&Svvzvvavv?@vvtvvO*vv~G:SvvAvvQG@vv+Gvv+vv?hLvvavv?Gyvvgvv}vv{
Gy(_"+?E]GAw(|?QS}+9

k
yz}Z9Os?fz+%9.

(27)K. Miller and S. M. Lanou, National Biodiversity Planning Guidelines Based on Early

Experience around the World (Washington, DC: World Resources Institute (WRI) in Cooperation with

UNEP and IUCN, 1995).
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(H)vvvvvGyvv%vv+vv8vv?Gyvv(_vv"vv+vv?GC"vvqvvPIyvvzvv}vvWvvQhY,h$vvv,$vvv+vvv8vvv?h_vvv"vvv+vvv?PGJvvvvqvvv9AI@vvvtvvv"vvv+vvv?
hEOGQ*v?h<v"v+v?sv9OQIfv̂EOGQIVv|hfGCWvQhYGy+(|v+v?h!vWv9_v9@v&,\v}v#|vQvvRG:@vZv9d
GAvvwvv(|vv,Chfvv̂IvvTvv9<vv&.hC"vvqvvPGCWvvQhYGyvv(_vv"vv,GyvvTvvzvvavv?GyvvAvv,CSvv"vvOJEy+&Ch*vv}vvzvvwvv%vv9
p,@"d+~GVAQGcGAw(|?f^|TA(iGy(RGQI.

(L)GCGv}v(fv?G:SvAvWv9Q*v?ChGyvzvGv"v?GyvAv(Fv+v%v+v?,h@vWvw
q
v{$vPgGCGv}v(fv?<vJv+vE

EvvvD
x
vvv{JvvvAvvvzvvvrGyvvv%vvv+vvv8vvv9JGAvvvwvvv(|vvv+vvv?GyvvvQFvvv+vvvTvvv?hGC"vvvdvvv}vvv9Jivvv+vvvQGAvvvwvvv(|vvv+vvv?hGC|SvvvTvvv9J

G}vvvv9O*vvv}vvv+vvv?hivvv+vvvQ$vvv9,Fvvv9*vvv]vvv~!vvvWvvv9_vvv&Ch*vvv|CvvvQpvvv,Yvvv+vvv9!vvv?GyvvvAvvv"vvv(YGAvvv+vvv(jhEOGQ@vvv&.
h*vvAvv}vvDvv{OhQGCGvv}vv(fvv?G:SvvAvvWvv9Q*vv?<vvAvv(Fvv+vv&hEQVvv9OGyvv%vv+vv8vv?Gyvv(_vv"vv+vv?GC"vvqvvPI,hvvvPyvvx
|vvvQGFvvvgvvv?@vvvtvvv9Q*vvvQHvvv}vvv(fvvv9JGyvvvgvvv}vvv{GyvvvAvvvtvvv"vvv+vvv?GyvvvAvvv,@vvvAvvvzvvvtvvv9$vvv9fvvv#_vvvQ*vvvuGyvvv%vvv+vvv8vvv?Gyvvv(_vvv"vvv+vvv?
GC"vqvPI,vv}v9@vtv(e<vOhQ!vOhIIv(GQ6vOaGyv(Yv(dE]G@vqv9bIv(dGCwv(!v9JGyvQFv+vTv?
Ba?hGSAQG@+G+?Gyg}{Gy(_"+?.

(O)Hv}v(fv9JGyvgv}v{GyvAvtv"v+v?,h$vv,fvv=vv9QIfvv#Hvv}vv(fvv9JPGJLvv=vvQI|vvgvvAvvQa6vv9
pvvv,<vvvgvvv̂ChFvvv&GyvvvAvvv"vvv(YGAvvv+vvv(j,h*vvvgvvv%vvvOEy+%vvv9Gyvvvtvvv+vvv9e<vvv9CQGFvvvgvvv?ChvvvvAvvv9<vvv?@vvvtvvv9Q*vvvQpvvv,
|vv(G\vv+vvhIvvOOI,<vv}vv9pvv,PyvvxGyvvAvvJvvO*vvOGC=vvOFvv,vvvMvvavv(ICh]pvv,GAvv(GQhGyvv(Yvv(dE]
G@q9bI(dGy"W9_9JGyA,*zRe@"q+P$9.

(2)GyvvAvvDvv}vv_ChGAvvZvvQ,Cj=vvhh@vvtvv+vv+vv~GCgvvzvv(|vv9JIvv(dIvv9yvv?GyvvAvv"vv(YGAvv+vv(j
hGC(GQOGyvvv=vvv+vvv(yvvv(Fvvv+vvv?h@vvv(\vvv+vvvKGAvvv9yvvv?GyvvvAvvv,*vvvdvvv%vvvQ$vvv9,hvvvvPyvvvxGyvvvtvvv(G!vvv+#hGyvvvTvvv+vvv9Svvv9J

hGyvv%vv+vv8vv9JhGyvv=vvQG|vvHhGC(GR!vv9JhGyvvtvvOQGJGyvv=vvWvvQ*vv?,E\vv9pvv?E]Yvv+vv9ivv?C$vvOGa|vv=vvOFvv+vv?
h@vavzvgv9Jh;vO*vOGyvDvjvQGJhh\vh@vtvO*vQGJ|v=vOFv+v?yvzvAvwv9y+rhGyvqv(GFvOhGAv9Fv9JGyvAv,
:*}w#@z|+"%9h_"+9

k
.

(3)h\vhG:SvAvQG@v+Gv+v?,Cj;vO*vOG}$vOGahGyvAvavzvgv9JGyvtv9<vzv?yvzvAv"vqv+vPh|vgvQpv?
GyvvavvQbGC;Fvv}vv?yvvTvvOGyvvDvvjvvQGJGyvvAvv,cvv%vvQJpvv,|vvQIvvzvv?GAvvZvvQ6vvOaGyvv(Yvv(dE]E=vv9Y
Ivv(dC$vvOGa|vvtvv=vv(yvv?hE]_vvQbGyvv(Yvv(dyvvAvvJvvtvv+vvu$vvPgG}$vvOGa.vvvPyvvx*vvAvv~6vv9@vvTvv}vv+vv?
G@vvv%vvv9JhGyvvv%vvv+vvv8vvv9Jh|vvv9*vvv}vvvwvvv"vvv%vvv9@vvv"vvvqvvv+vvvPgpvvv,$vvvPgG:SvvvAvvvQG@vvv+Gvvv+vvv?,Cvvv~vvvvAvvv9<vvv?!vvv[$vvvPg
G:SvAvQG@v+Gv+v?GC|yvqv?|v#!vWv9_v9JCh<vQG|vHh@v(cv+vrC|v(Gdyvzv(Yv(dE]$vPgG}$vOGa

hGyvvAvvavvzvvgvv9J,hPyvvx<vv9yvvAvvWvv9hQhGyvvAvvgvv9hf|vvhGyvvtvvavv9fvv9JG}LvvQihLvvavvavv%vv9GyvvAvv"vv}vv(*vv?|vv#
Lv;dIv(GQh_v"v,|vh=v+vhG@v%v9JGCgv"v+v?.*v]v9aE]PyvxGyvtv+v9e<vJv}vzv?@v(fv+v?h_v"v+v?
yvvvR*vvv9OIGyvvv(fvvv,<vvv}vvvWvvvwvvv;JGyvvvAvvv"vvv(YGAvvv+vvv(jhG FvvvQGAGJGCavvvzvvv(<vvv?fvvv#_vvvQ*vvvuhSvvv9Fvvv{
G f;eGCQF+?hGCtQhAIhGCT}(f?hGCzZt9Jhi+Q$9.

476



h@vWvw
q
v{G}$vOGaG:SvAvQG@v+Gv+v?GyvAv9y+?Ch@vgvO*v;7v9Gyv=v"v(OG}Sv9Sv+v?:SvAvQG@v+Gv+v?

GyA"(YGA+(jGy(_"+?}*?Ohy?(28):

!<q+rG}La9QGCJOs?<9yA"(YGA+(jIA)@wA}{|gQpA"9<&.

!R*9OI|gQpA"9<9yA"(YGA+(j.

!@z|_L+9QGJh<OGF{yAz|_G:SAD}9QGCTAO*~yzA"(YGA+(j.

!EVQGcGyTw
q
9fp,f}z+?GyAMa+bhEOGQIGCJ}+9J.

!@]}_GyZ+9!?p,LabGyA"}+?G@%(*?hGyQ*q+?.

!GCT9G?p,G _9QGyg9C,yzZ+9!?hG:SAD}9Q.

!Y+9!?@"(YG}!(GYGCRQhf?hGCOFq"?hG}!(GYGy=Q*?GytQ*=?|"%9.

!GyvvZvv+vv9!vv?pvv,|vvTvvAvv(iGyvv"vvdvv9eGyvv=vv+vv8vv,h|vvTvvAvv(iGSvvAvvgvv}vv9:JG}QG\vv,pvv,Svv=vv+vv{
<q+r\+9YhG!tQGVGyA"(YG}S9S,.

(4)h\vvhGBvvavv?,Cj;vvvO*vvvOGyvvv%vvv+vvv8vvv9JGAvvvwvvv(|vvv+vvv?hivvv+vvvQGAvvvwvvv(|vvv+vvv?(Gyvvvtvvvavvv9fvvv9f
GBvv9UhGyvvAvvgvv9hP)GCTvv|hyvv?fvv#@vv"vvqvv+vvPGyvv"vvWvv9_vv9JhGyvv=vvQG|vvHGyvv(GQOIpvv,G:SvvAvvQG@vv+Gvv+vv?
GCWvv9QEy+%vv9B!vvqvv9

k
,E\vv9pvv?E];vvO*vvO|vv(Gsvvhh|vv"vv9_vvu$vvPgGyvv"vvWvv9_vv9JhGyvv=vvQG|vvH,hvvvPyvvx

;vvO*vvO_vvQb@vv"vvqvv+vvP$vv9h@vvtvvO*vvQIvvGvv~GC(GQOGyvv=vvWvvQ*vv?hGC9y+?hGC|SvvTvv9@vv+?h|vvQGIvv{Svv+vvQ
Gyvvgvv}vv{pvv+vv%vv9.hpvv,|vv9*vv\@vv(\vv+vvKfvv}vvz+?GyvvQ<vvb<vv+#Gyvv%vvOahGyvv"vvWvv9_vv9JGBvv9Yvv?<vv&|vv#
L;dfQVG}|Dz?GyA9y+?GCzL(PI|#GSAQG@+G+?GyA"(YGA+(jGyg9C+?.

Gyv%vOaG}hd,@vgvO*v{GyvTv+v9Sv9JGyvgv9|v?Gyvtv9Fv}v?GC|O*v?E]@vO$v(QGyvAv"v(YGAv+v(j
hS(AGSAD}9Qg.

Gy"W9_9J

vvvvvEyvvjvv9ASvv+vv9Svv?Gyvvjvv9<vv9JGyvvAvv,;vvQqVfvv̂@vvO$vv(QGC(GQOpvv,Gyvvjvv9<vv?h;vv(*vv{!vvdvv~
Gyj9<9JE]GSAD}9QGJCs{s+}?.

vvvvv@vvgvvO*vv{GyvvTvv+vv9Svv9JGyvvAvv,@vv|OjE]@vvO$vv(QGyvvjvv9<vv9Jh\vv+vv9YGyvvAvv"vv(YGAvv+vv(jpvv,
Gy"d~Gy=+8+?Gy=JQ*?hGyW9_8+?.

(28)United Nations Environment Programme (UNEP), Guidelines for Country Studies on

Biological Diversity (Nairobi: UNEP, 1993).
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vvvvv@vvgvvO*vv{GyvvTvv+vv9Svv9JGyvvAvv,@vvR*vvO|vv#\vv+vv9YGyvvAvv"vv(YGAvv+vv(jpvv,Gyvv"vvdvv~Gyvv=vv+vv8vv+vv?GC9Fvv+vv?
GygP<?.

vvvvvEyvvvjvvv9AGyvvvTvvv+vvv9Svvv9JGyvvvRQGfvvv+vvv?GyvvvAvvv,;vvvQqVfvvv̂RQGfvvv?IvvvZvvv(dhGIvvvOhYvvv"vvvr
hGIO,ChGyA,@WGhG}pQGOf^GSAg}9dG}S}OIGyw+}+9F+?hGC=+OGJ.

Gyv%vOaGyvDv9P,@vvWvvGvv+vvhh!vvWvvQG:SvvAvvDvv}vv9QGCTvvAvvOGeyvvzvv}vv"vvAvvGvv9JhGBvvO|vv9JGCTvvAvvqvv9OI
|#Gya=+g?Gy=Q*?p,Gy"a9bGCJ\.

Gy"W9_9J

vvvvvE<vvQGRh;vvO*vvOGyvvtvv+vv}vv?G:svvAvvZvv9O*vv?GCJvvz+?yvvzvv}vv"vvAvvGvv9JGyvvavv=vv+vvgvv+vv?Gyvv=vvQ*vv?pvv,@vv"vv}vv+vv?
h<a+bGSAg}9:JG}QG\,.

vvvvv@vvWvvGvv+vvhG}$vv9[fvv̂Gyvv=vvJvvEfvv#pvvQUyvvAvvavv(*vvQIvvZvv?@vvTvv(*vvtvv+vv?Cvvv=vvQyvvzvv}vv"vvAvvGvv9J
Gya=+g+?Gy=Q*?GyA,:}h<Z(QIs9<z?y;SAOG|?.

vvvvvR*vv9OIGyvvqvv(GFvvOGCJvvz+?|vv#GyvvTvv+vv9Ivv?(Gyvv=vv+vv8vv+vv?)pvv,GC"vv9_vvuGyvvavv=vv+vvgvv+vv?,hGyvvAvvzvvvO|vv#
fOes]9A@"}+?GyT+9I?f^GyA"(YGA+(jChIOhKGyA"9pQGA]9Qj.

vvvvv@Of+~GytOQGJGCJz+?f^G:IAq9X<A=9*#G}Y"9aGy=zO*?hG:SAq9OI|"%9.

vvvvv@"}+?OhQG}Oh*?GyWg=+?h@z|_GSAD}9Q$9GCTAOGe.

(5)@vv"vvqvv+vvPGBvvavv?,Cjh\vvvhGyvvv"vvvWvvv9_vvv9JhGyvvvTvvv+vvv9Svvv9Jpvvv,Yvvv+vvvjvvv?fvvv}vvvz+?hpvvvTvvvK
GCGv9dC|v9e=v+vhGyvWvQvv9AyvAv([@v"vqv+vPCFvRGA|v#GBvav?,h;v(*v{Jvavav,GyvAv"v(YGAv+v(j
E]z|vv"vvqvvPjGyvvAvv"vv(YGAvv+vv(jypvv,Gyvv(RGQGJG}Svv9Svv+vv?.hKvv>fvv̂=vv+vvhGyvv%vv+vv8vv9Jivv+vvQ
GAvwv(|v+v?hGCGvAv}vgv9JhQFv9dG}fv}v9dhGyvZv"v9fv?,Gyvtv+v9e<vOhQ$v~h<vJvTv>|vZv9Av%v~
hG$A}9|97~.

(6)GCQGsv=v?hGyvAvtv+v+v~,:<vO|v#h\vh|vgv9*v+vQ!vGv9MYv+v9!v?GyvAv"v(YGAv+v(jh;vO*vO
GC|SvvTvv?GCTvv|hyvv?fvv#|vvQGsvv=vv?Gyvvgvv(G|vv{hGyvvavvQbGyvvAvv,Kvv>GSvvAvvMvvOG|vv%vv9,h|vvQGsvv=vv?Ivv9yvv?
GyvvAvv"vv(YGAvv+vv(jh@vv=vvOdGyvv(\vvhGyvvPj*vvTvvzvvwvv&(Svv(GA|vv#Ivv+vvEfvvOOG}!vv(GYChGC(QCvv9J
ChGC(GFvvv{ChGSvvvAvvvgvvv}vvv9:JG}QG\vvv,),hvvvvPyvvvx|vvvQGsvvv=vvv?@vvv"vvvqvvv+vvvPGyvvvTvvv+vvv9Svvv9JhGyvvvtvvv(G!vvv+#
h@vav=v+vuGyv"vWv9_v9JG:SvAvQG@v+Gv+v?GBv9Yv?hGyvAv}v(*v{,h|vQGsv=v?@vav(*vQGyvtvOQGJ(Gyv=vWvQ*v?
hGC|ST+?hGyAT%+;Jh_Q*t?GyA}(*{).

(7)vvvAvv9<vv?GyvvAvvtvv9Q*vvQ,Cj;vvO*vvO|vvTvv|hy+?vvvAvv9<vv?GyvvAvvtvv9Q*vvQh!vv(fvv+vvAvv%vv9hE]CjFvv%vv?
@vvv(Fqvvv&,h|vvv9$vvv(Vvvvwvvvzvvv%vvv9h|vvv]vvv}vvv(8vvv9hfvvv"vvv9YvvvQ$vvv9hFvvvOhyvvv%vvv9GyvvvR|vvv"vvv,.h@vvvWvvv}vvv{CVvvvwvvv9d
GyAt9Q*Qf9OI|9*\:
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(C)@vvtvv9Q*vvQSvv"vv(*vv?fvv#Ivv9yvv?GyvvAvv"vv(YGAvv+vv(j@vv(Fvv&E]GC"vvq
q
vvPGyvv(_vv"vv,GyvvQFvv+vvTvv,hE]

HzUGyWg>hG@}%(Q.

(H)OQGS?h_"+?.

(L)GSAQG@+G+?h_"+?.

(O)La?f}{h_"+?.

($vvv)@tQ*QI9y?GyA"(YGA+(jhGC(GQOGy=+(y(F+?p,?US"(GJ.

(h)@vvtvvQ*vvQOhQjE]SvvwvvQ@vv9Q*vv?G:@vvqvv9svv+vv?h@vv"vv?G}|vv~GCAvvJvvOIyvvzvvAvv"vv}vv+vv?GCTvvAvvOG|vv?
hi+Q$9|#GC"d}9JGyOhy+?hGC|EQGJ.

Hvvvvv|=9O <a+bGyA"(YGA+(j

$v"v9cfvWvQI|v=v9O CSv9Sv+v?IvOO7v9GSvAvQG@v+Gv+v?GyvAv"v(YGAv+v(jGyvOhy+?GyvAv,CfvO$v9
G:;9OGyOh[A}9*?Gya=+g?!gQ\%9p,|9*\(29):

vvvvvKvv>Cf@vv|OjGSvvAvvQG@vv+Gvv+vv?GyvvAvv"vv(YGAvv+vv(jhLvvavvbfvv}vvzvv&h<vvQGHvv&E]GyvvAvvJvvTvv#
GCTA}QhGCJ9pd?f^|TA(i|g+W?GyTw9fhG !A9F+?hGyA"(Yp,G}!d}?Gy=+8+?.

vvvvv@T9$~LabGyA"(YGA+(jp,;t+uGy%OaG}v=Q|#GyA"}+?GCTAOG|?.

vvvvv*A~GLA+9QC$OGaGyA"(YGA+(j|#C$OGaG@q9s+?GyA"(YGA+(jGyg9C+?.

vvvvvKvv>Cf@vvwvv(ffvv}vvz+?GyvvAvvMvvavv+vvbyvvzvvAvv"vv(YGAvv+vv(j|vvAvvwvv+vvqvv?|vvhGyvvdvvQhaGCJvvz+?
hOhQ*?|AGOOI.

vvvvvf}z+?GyAMa+byzA"(YGA+(j@g9h!+?<+#G}_QGasOQG |w9f.

vvvvvGyA(GY{hG:@Z9dhGA(GQ$(G}S9Sp,f}z+?GyAMa+byzA"(YGA+(j.

vvvvv*gA}O!G9MGyAMa+byzA"(YGA+(jf^Y"hGytQGQhGyAa=+u.

vvvvvK>@]}_<a+bGyA"(YGA+(jp,!d9eY"hGytQGQGy(_",.

vvvvv;A9LGytOQIGy(_"+?yzAMa+bE]Gy=OA<9CQGI{G}h].

vvvvv*}w#GC|ST9JGB9QF+?Cf@Of~h:*}w"%9Cf@t(O.

(29)WRI, IUCN and UNEP, Global Biodiversity Strategy: Guidelines for Action to Save, Study,

and Use Earth’s Biotic Wealth Sustainably and Equitably.
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Lvvvvv|W9v{hft=9J<a+bGyA"(YGA+(jh_Qb|g9@A%9

@vvAvv}vvDvv{C$vv~GCWvv9vvv{hGyvvgvvtvv=vv9JGyvvAvv,@vv(GFvv&GCMvvavvavv_yvvzvvAvv"vv(YGAvv+vv(j<vvDvv;Cvv?C!vv(GY
$,(30):

(1)Gygt=9JGC|ST+?

h@A}D{<96O:

vvvvvYvgv(<v?GyvAv"vTv+vuhGyvAv(pv+vu<v+#G}_vQGaGCMvAvzvqv?!vdvQG
k

E]GLvAv;a|vWv9vv{vv{
|"%9.

vvvvvGyA"T+uGy]g+r<+#G@%9JGAw(|+?hGC"d}9Ji+QGAw(|+?.

vvvvv!t[ChfOehF(OGy=gOGCJ\hG@%(jp,GyAMa+b.

vvvvvi+9H|W9Qv?Gyta9YGB9U.

vvvvvYg(<?Gy(Y(dE]E=9Y<+#G}_QGaGy(_"+?.

vvvvv!t[GytOQGJGy(_"+?Gygz}+?GCOQ<?.

vvvvvS(AGyAg9hf<+#Gy%+8?GC9!J?hGyqQ*uGy(_",.

vvvvv!t[hf,Gy%+89JGAw(|+?hG}pQGO<Ww{f9e.

vvvvvYg(<?Gy(Y(dE]s9fOIfQ*]?hGQ@q9YGVAQGcfOIF%9J|g+"?.

vvvvv@=OdGy%+w{GC|ST,GCTA}QhGyAgO*;Jp,GC(GR!?.

(2)Gygt=9JGygz}+?

h@A}D{<96O:

vvvvv!t[Gy=J(KGy(_"+?I(dOhQGyA"(YGA+(jp,Gy"d~Gy=+8+?.

vvvvv!t[GCgz(|9JGygz}+?hG:sAZ9O*?I(dGyA"(YGA+(j.

vvvvv!t[GCZ"q_GCOQq<+#y~I+9A.

vvvvv!t[GytOQGJGy(_"+?p,EOGQIGCgz(|9J.

vvvvv@wQGQh@QGv~Gy=J(KGygz}+?.

(30)R. Carew [et al.], Strategies for National Sustainable Development: A Handbook for their

Planning and Implementation (London: International Institute for Environment and Development

(IIED); Gland: International Union for Conservation of Nature and Natural Resources (IUCN), 1994).
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(3)Gygt=9JGyt9!(!+?vvvvvGyT+9S+?

h@A}D{<96O:

vvvvvGy"t[p,$+w{S+9S?Gyta9f9JhG:yARGe<9yA"q+P.

vvvvv!t[GCgz(|9JGyA,*}w#ES"9OGyT+9S?Gyta9f+?Ey+%9.

vvvvv!t[GytOQIf^;z+{GyT+9S?Gyta9f+?.

vvvvv!t[@]}_Gy=+8?|hGyA"}+?p,GyAMa+bGy(_",.

vvvvvGA9F?E]|T9G?L=QGAG:sAZ9O.

vvvvvYg(<?;O*O@w9y+rY+9!?GyA"(YGA+(j.

vvvvv!t[GyT+9S?Gy(G\J?I(d|zw+?G}QG\,.

vvvvv!t[Gyt(G!+#hGyAOG<+QGy=+8+?GCZ9i?F+OG
k
.

vvvvvYg(<?@]}_It(bG !T9fp,GCzw+?h|Z9A&.

C|9_QbGyAjz>f^$PgGygt=9JpAA}D{<9yA9[:

vvvvv@vvvz|vvv_<vvvQ!vvv9|vvvH|vvv"vvvKLvvv9QFvvv+vvv?yvvvzvvvAvvvOQ*vvv>h@vvvavvv(*vvvQGyvvvtvvvOQGJGyvvv(_vvv"vvv+vvv?Gyvvvgvvvzvvv}vvv+vvv?
hG OGQ*?.

vvvvv@vvTvv}vv+vv?@vv"vv?@vv(Fvv+vv%vv+vv?yvvAvvJvvO*vvOGBvv=vvQGJpvv,Gyvv(RGQGJG}LvvQihGyvv%vv+vv8vv9J,Ch
GSA8G9Q|TAW9Q*#h_"+_ChCF9!>yOf~GyOhGFQGAw(|+?.

vvvvv@T}+?FDz+#f#G}$9[p,GyzG"?GyA(F+%+?.

vvvvv@vvTvv}vv+vv?@vv"vv?fvvzvv}vv+vv?Ivv9*vvOI@vv]vvh|vvTvv(OIG:SvvAvvQG@vv+Gvv+vv?ChGBvvavv?Gyvv(_vv"vv+vv?vvvavvQ*vvtvv?
yzAjz>f^GB;p9J<+#G}_QGaGCg"+?.

vvvvvGSvvAvv]vv9pvv?Ivvzvvtvv9JEsvvz+}vv+vv?Chh_vv"vv+vv?yvvzvv(Yvv(dE]R*vv9OIGyvv(fvv,hGyvvtvvOQGJpvv,
$vPgGCTvAv(*v9J,h;v]v+vQGSvAvQG@v+Gv+v9JFv%v(*v?Chh_v"v+v?yvzvAvJvQ*v̂fv̂Gyv(fv,hR*v9OI
GytOQGJhGCW9Qv?.

vvvvvE!vvvvvWvvvvv9ABy+?Ivvvvvwvvvvv(|vvvvv+vvvvv?<vvvvv+#Gyvvvvvtvvvvvavvvvv9fvvvvv9Jpvvvvv,vvvvvv{Ivvvvv9pvvvvvdvvvvv?|vvvvv#CFvvvvv{|vvvvvQGFvvvvvgvvvvv?
G:SvvAvvQG@vv+Gvv+vv?Gyvv(_vv"vv+vv?hLvvavv?Gyvvgvv}vv{hR*vv9OIGCWvv9Qvvv?|vv#GCJvv9pvvdvv9J,h@vvavv(*vvQh\vvh
s9!(PA{GB;p9J.

vvvvvE!W9AH}(f?GSAW9Q*?Cg9@?G$A}9|9Jh|W9v{=+hG}_QGa.

481



vvvvvGSvAvMvOGeGC|EvQGJhGyv"vOhGJhG:@vZv9d<v9yvqv9vvUhGyv=vQ*vOG yvwvAvQhPpv,Sv=v+v{
Lq^@w9y+rGB=QGAGyOhy+_.

vvvvv@"}+?Gy(f,G@}9$+Qjp,S=+{R*9OIGyAq9$~<+#GAw(|?hG@}%(Q.

vvvvvOfvv~Gyvv=vvJvvEGyvvgvvzvv}vv,pvv,By+9Jh_vvQbYvv+vv9!vv?GyvvAvv"vv(YGAvv+vv(jvvvavvQ*vvtvv?GyvvAvvtvv+vv+vv~
GyTQ*hyzA"(YGA+(jhOQGS?I9y?GC"9_uGA+(*?.

vvvv@vvOfvv+vv~<vvQG|vvHGyvv=vvJvvEGyvvgvvzvv}vv,|vvAvvgvvOOIG:LvvAvvZvv9Yvv9Jpvv,Svv=vv+vv{R*vv9OIpvvQU
GyAg9hf.

Ovvvvv|T9G?GyDt9p?GyWg=+?p,<a+bGyA"(YGA+(j

yvvtvvOh\
q
vvJvv"vv9pvv,GyvvqvvtvvQI(11)hpvv,GC9OIQsvv~(13)|vv#G@vvqvv9svv+vv?GyvvAvv"vv(YGAvv+vv(j

\QhQIs+9eG}_QGaGC(sg?<vvvv:

(1)R*vvvv9OIh@vvvvgvvvv}vvvv+vvvvupvvvv%vvvv~CGvvvv+vvvv?Yvvvv+vvvv9!vvvv?GyvvvvAvvvv"vvvv(YGAvvvv+vvvv(jhG FvvvvQGAGJGyvvvv;R|vvvv?
hGyAQh*Hy%PgG}G+?f#_Q*uG f;eh@]}_Pyxp,<QG|HGyAgz+~.

(2)GyvvAvvgvv9hf|vvhGyvvOhdG}LvvQiEfyvvReG}|vvQh|vvhGC"vvdvv}vv9JGyvvOhy+?pvv,@vvavv(*vvQ
<QG|HGyAgz+~hGyADt+rGyWg=,p,H9dY+9!?GyA"(YGA+(jhGSAD}9QgGCTAOGe.

h*vvvvv}vvvvvwvvvvv#;vvvvvtvvvvv+vvvvvu$vvvvvPgG}$vvvvvOGafvvvvv#_vvvvvQ*vvvvvuGyvvvvvAvvvvvgvvvvvz+~Gyvvvvv"vvvvvdvvvvv9|vvvvv,pvvvvv,GCOGQS
hG@vvv9|vvvgvvv9J,hGyvvvAvvvgvvvz+~Lvvv9QLGyvvv=vvvQG|vvvH|vvvDvvv{:Gyvvv"vvv(GOjGyvvvDvvvtvvv9pvvv+vvv?hGyvvvO*vvv"vvv+vvv?,Gyvvvgvvv9OGJ
hGyvvvAvvvtvvv9y+O,>vvv;JGyvvvAvvvDvvvtvvv+vvvrGyvvvWvvvgvvv=vvv,,<vvvQG|vvvHGAvvv}vvv9*vvv?fvvv#_vvvQ*vvvuG}$vvv9[,@vvv"vvvWvvv+vvvb
GC"vdv}v9JGyv=v+v8v+v?,@v"vWv+vb!v(GOjG}Iv+v9AGyv=vQ*v?hGyvav=v+vgv?hGAvOGFvu,<vQG|vHOfv~GyvQ*vr
pvvv,Hvvv9dGyvvvRQGfvvv?hGyvvvZvvvJvvv?hIvvv(G}|vvv+vvv?,!vvvWvvv9_vvv9JGAvvvOGFvvvuGyvvvgvvv9|vvv?hIvvvOGFvvvuGAvvv+vvv(Gf
hIOGFuGy"=9JhCI(GVG}I+9AGC9F+?.

|vv#Fvv%vv?CLvvQi$vv"vv9cIvv9Fvv?|vv9Svv?CWvv9Qvvv?G@vv}vv9$vv+vvQpvv,fvv}vvz+?GyvvAvvMvvavv+vvbyvvzvvAvv"vv(Y
GA+(j|"P<OG*?h\hG:SAQG@+G+?.h@A]}#$PgGCW9Qv?Gy"t9WGyA9y+?(31):

!|vvvgvvvQpvvv?Ivvv9Fvvv9JGyvvvTvvvwvvv9fhpvvvwvvvQ7vvv~fvvv#$vvvPgGAvvv9Fvvv9J.hCgvvvQpvvv?Pyvvvx*vvv}vvvwvvv#
GSAMOGe_Q*t?G:SAqA9AhGC"9sW?GCqA(I?hGy=JEGygz},.

!OQGS?Gyt+~GA]9Q*?p,GC"at?hEs9|?I(GQI(d_=+g?$PGG:SAD}9Q.

(31)<Qv(OI,zG@q9s+?GyA"(YGA+(j:|#@qT+QG:;9OGyOh[A}9*?Gya=+g?y.
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!;O*OGCTAq+O*#|#GC(GQOGya=+g+?hEs9|?I(GQI(d$PGG:SAD}9Q.

!GyARGe_Q*t?|W9Qv?Vq9p?IA)hy(@zLQGCWQhY<g^Gy(sB.

!GSvvvAvvvMvvvOGeG}IvvvOGKGCJvvvz+?|vvvDvvv{GCgvvv9QVhG:IvvvAvvvqvvv9:Jpvvv,!vvvWvvvQGCgvvvzvvv(|vvv9J
I(dGCW9Q*hChEOL9d@tz+O|g_*Agzu<Z+9!?Gya=+g?.

!GSvvvvAvvvvDvvvv}vvvv9QGyvvvvAvvvv(C|vvvv?hG@vvvv(:JGAvvvvtvvvvz+q?pvvvv,GC"vvvv9_vvvvuGC}vvvv9Cvvvvzvvvv?pvvvv,Svvvv=vvvv+vvvv{R*vvvv9OI
GCgz(|9JhGyADt+rh@(C+uGyg;s9J.

!|vv"vv9svvWvv?GCWvv9vvv{|vvhG}$vv9[|vv#OhfGyvv(fvvepvv+vv%vv~<vv{@vvWvvGvv+vvgvv%vv~fvv̂Ivv{$vvPg
GCW9v{.

!GSAMOGeGB=QGAp,Gyg;s9JGyg9|?GCMAZ?yAT%+{GCW9Qv?GyWg=+?.

!G:fvAv}v9Ofv̂QhGOGyvqvwvQh@vOQ*v=v%v~|vDv{GyvZvJv9pv+v_hGCJv9pvdv_hCfv;eGyvO*v#
hGyT+9S+_hGy(_"+_hQF9dG}f}9dhC|D9y%~.

!GSvvvvAvvvvMvvvvOGe_vvvvQ*vvvvtvvvv?Ivvvv{GBvvvv;ah;vvvvz+{GyvvvvtvvvvQGQh<vvvvavvvv+vvvvbG OGQIpvvvv,fvvvv}vvvvz+?
GCW9Qv?GyWg=+?.

!@vv(Q*vvbGC"vvdvv}vv9Jivv+vvQGAvvwvv(|vv?Gyvv(_vv"vv+vv?hGCJvvz+?pvv,fvv}vvz+?GCWvv9Qvvv?h@vvavv(*vvQ
!W9_%9p,E_9QGCWQhY.

!@vvvtvvvO*vvv~GCgvvvzvvv(|vvv9JyvvvzvvvGvvv}vvv%vvv(Qfvvv#_vvvQ*vvvuG fvvv;ehGC"vvvWvvv(QGJ|vvvDvvv{GBvvvQGFvvvb
hGCzZt9JhGy"WQGJhGyOQGS9Jf#_Q*uGC"d}9Ji+QGAw(|+?.

$vvvvvvvvvGSAQG@+G+?GyA"(YGA+(jp,GyAOQ*>hGyAgz+~

|vv#G}Gvv+vv?<vv}vvwvv9ffvv"vvOh\vvhG:SvvAvvQG@vv+Gvv+vv?Gyvv(_vv"vv+vv?yvvzvvAvv"vv(YGAvv+vv(j,Cf@vvWvv}vv{
$vvvPgG:SvvvAvvvQG@vvv+Gvvv+vvv?FvvvRAG

k
Lvvv9Yvvv9

k
yvvvzvvvAvvvOQ*vvv>hGyvvvAvvvgvvvz+~fvvv̂GCTvvvAvvv(iGyvvv(_vvv"vvv,hG@vvv%vvv(j

hGCJv\<vJvTv>GAv9Fv?.h*v}vwv#GfvAv}v9OG _v9QGyvAv9[yvAv"vqv+vPG:SvAvQG@v+Gv+v?GCgvAv}vOIfv̂
GC(O*vvvvv{GCTvvvvv}vvvvv)ES.Ee.BQ(SMR)CjGCQSvvvvv{hGyvvvvvQSvvvvv9yvvvvv?hGCQSvvvvv{Ey+&hpvvvvv,|vvvvv9*vvvvv\
@q9Y+{Pyx:

(1)|#|QS\GyQS9y?p,H9dGyA"(YGA+(j

!Gy%+8?GAw(|+?GCT|hy?f#GyAMa+byzA"(YGA+(j.

!Gy%+89JGAw(|+?G}LQiGCg"+?<9yA"(YGA+(j.
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!GC"d}9Ji+QGAw(|+?Gyg9|z?p,H9dGy=+8?.

!G f;e.

!Gyta9YGB9U.

(2)@W}{GyQS9F{GCtZ(OII(dGyA"(YGA+(j

!G}La9QGC%OOIyzA"(YGA+(j<Ww{f9ehp,v{I9pd?.

!h\hGSAQG@+G+?yzA"(YGA+(jhLa?f}{h_"+?.

!CG+?Y+9!?GyA"(YGA+(jyz}(G_#.

!E|w9!+?Y+9!?GyA"(YGA+(jp,JAzrGCJ9pd9J.

!v+q+?GAZ(df^|gz(|9JChpQI(dY+9!?GyA"(YGA+(j.

!OhQGyv%v+v8v9JGyv(_v"v+v?hGC"vdv}v9JGyvWvgv=v+v?fv̂GCTvAv(iGyv(_v"v,hpv,GCJv9pvdv9J
hfvvv̂GCTvvvAvvv(iGCJvvv\,pvvv,@vvv"vvvqvvv+vvvPGSvvvAvvvQG@vvv+Gvvv+vvv?Yvvv+vvv9!vvv?GyvvvAvvv"vvv(YGAvvv+vvv(jhLvvvavvv?Gyvvvgvvv}vvv{
Gy(_"+?.

!CGvvv+vvv?GyvvvAvvv"vvv(YhYvvv+vvv9!vvvAvvv&pvvv,=vvv+vvvhGyvvvtvvvavvv9fvvv9J|vvvDvvv{GyvvvRQGfvvv?hGyvvvZvvvJvvv?hGyvvvAvvvgvvvz+~
hG:sAZ9OhGyT+9I?.

(3)_QbE*Z9dGyQS9F{

!@vv(R*vvh|vv"vvWvv(QGJHvv9!vv+?<vv}vv9pvv,PyvvxGyvvwvvAvv>hGyvvAvvtvv9Q*vvQhGyvv"vvWvvQGJhGCzvvZvvtvv9J
hGBQGFb.

!|t9:JGyZJrhGCG;JhGy"WQGJG L=9Q*?.

!Cp;eGyq+O*(hG}sQGUGyz+RQ*?hGyQGO*(hGyAzqR*(f.

!Gy"OhGJhGCJ9\QGJ.

!G}yg9HhGy=QG|HGB9Y?<9COGQS.

!GyQI;JhG@(:JGAtz+?.

!GyAg9hf|hVQv9JGyOf9*?.

!<vvvv+hG}OhGJ|vvvvDvvvv{Gyvvvvtvvvv}vvvvZvvvv9fhGyvvvvtvvvv=vvvvgvvvv9JhGCJvvvv9pvvvvehG}yvvvvgvvvv9HhG}_vvvvgvvvv}vvvv?
hGCWQh<9J.
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(4)H}(f?|TAt=\GyQS9F{@]~

!G@}%(Qp,v9|{@QGHGyOhy?.

!GyT+9S+(ff^|TA(iGytaQhGCJ9pd9JhGyQ*r.

!Gy%+89JGAw(|+?.

!GC|ST9JGyAgz+}+?.

!GC"d}9Ji+QGAw(|+?.

!QF9dG}f}9d.

!G f;e.

!G}pQGOGyP*#*AzCQhf<Z+9!?GyA"(YGA+(j(32).

hvvvvv!}9PL|#G:SAQG@+G+9JGyOhy+?yzA"(YGA+(j

!vvAvv+vvGvv?GCTvv9Gvv?Gyvvqvvgvv9yvv?yvvzvv}vv|yvvrpvv,G@vv(G!vv>G:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?yvvwvv{|vv#
GyvvvOQGSvvv?Gyvvv(_vvv"vvv+vvv?yvvvzvvvAvvv"vvv(YGAvvv+vvv(jGyvvvTvvv(Q*vvv?fvvv9e1998,hh\vvvhG@vvv(G!vvv>!vvvqvvvTvvv%vvv9pvvv,
GSvvvAvvvQG@vvv+Gvvv+vvv?hLvvvavvv?Gyvvvgvvv}vvv{Gyvvv(_vvv"vvv+vvv?yvvvzvvvAvvv"vvv(YGAvvv+vvv(jfvvv9e1999,pvvvtvvvO@vvv~GSvvvAvvvgvvvQGV
GyvvgvvO*vvO|vv#G:SvvAvvQG@vv+Gvv+vv9JGyvv(_vv"vv+vv?yvvOhd|vvAvvavv(QIh!vv9|vv+vv?hOhdfvvQ<vv+?fvv̂IvvOSvv(GA.
pv,$vPgGyvqvtvQI!vJv9hdG:SvAvqv9OI|v#fv}vz+?G:SvAvgvQGV$vPgh!vtvOe!v}v(PFv9

k
yv~$vOGa

G:SvAvQG@v+Gv+v?yvzv=v"v9fvv=vzvO!v9e
m

,fvzv}v9
k
<vzf$v"v9c@v=v9*v"v9

k
hG\vJv9

k
pv,|v9<v+#G:SvAvQG@v+Gv+v9J

Gyvv(_vv"vv+vv?yvvzvvAvv"vv(YGAvv+vv(jyvvzvvOhdGyvv"vv9|vv+vv?|vv#Fvv%vv?,h<vv+"vv%vv9h<vv+#GSvvAvvQG@vv+Gvv+vv9JGyvvOhd
GCAvvvavvv(QI|vvv#Fvvv%vvv?CLvvvQiSvvv(GApvvv,;vvvO*vvvOChfvvvQV$vvvPgG}$vvvOGahpvvvtvvv9

k
yvvvzvvvdvvvQha

Gyvvavv=vv+vvgvv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hyvvzvv}vv(GQOGyvvavv=vv+vvgvv+vv?GCJvv+vvavv?<vvwvv{|vv"vv%vv9,Chpvv,
G|A;cGy(S9F{GC9O*?hGyAt"+?yAJt+uh@"q+PG}$OGaGC(\(f?.

G}$OGaG:SAQG@+G+?A}9*?GyA"(YGA+(jp,y="9f

@vv=vvzvvk|vvTvv9Ivv?G}QG\vv,Gyvvzvv=vv"vv9!vv+?10452vvv~2|vv"vv%vv93340vvv~2Yvv9Avv?yvvzvvRQGfvv?
(32pvvv,GC8vvv?)h|vvvDvvvzvvv%vvv9@vvvtvvvQ*vvv=vvv9

k
|vvvQGY

m
(7pvvv,GC8vvv?)hivvv9<vvv9JhCIvvvQGLh|vvvDvvvzvvv%vvv9YvvvMvvv(Q

hFvv=vv9d.h*vvgvv+vvXfvv̂$vvPgG}QG\vv,svvQG<vv?3,1|vvz+(fpvvQOfvv9e1995<vvwvvDvv9pvv?Svvwvv9!vv+?

(32)|vv+vvWvv+vv{CNC!vvavv(f,z<vv+#G !vv}vv9AGCTvvAvvO*vv~hGyvvAvv"vv(YGAvv+vv(j,yhQsvv?svvO|vvBE]:hQVvv?Gyvvgvv}vv{G}h]

yzA"(YGA+(jGyT(Q*?,O|Wu,1999.
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@vvR*vvOfvv#400pvvQO/vvv~2.yvvtvvO@vv~GyvvAvvgvvQapvv,Gyvv=vv+vv8vv?Gyvvzvv=vv"vv9!vv+?fvv̂|vv9*vvR*vvOfvv#9119
!vv(fvv9

k
|vv#Gyvv"vv=vv9@vv9JhGAvv+vv(G!vv9JhGyvvwvv9Fvv"vv9JGyvvOsvv+vvtvv?Cj20pvv,GC8vv?Fvv9$vv(|vvAvv(svvh,h|vv#

GyvvgvvOOGCPvvv(Q$vv"vv9c4633!vv(fvv9
k
!vv=vv9@vv+9

k
(51pvv,GC8vv?),h4486!vv(fvv9

k
Ivv+vv(G!vv+9

k
(49pvv,

GC8?).h*;Ie|#$PgG}fOGOhpQIGyA"(YGA+(jp,$PGGy=zOGyZj+Q!T=+9
k(33).

EvvDvvzvvB$vv+vvwvvz+?GSvvAvvQG@vv+Gvv+vv?GyvvAvv"vv(YGAvv+vv(jGyvvzvv=vv"vv9!vv+?pvv,Cvv}vv9!vv+?Ivv9hQChC$vvOGa
CS9S+?h13$Op9

k
@qZ+z+9

k
*}w#fQ\%9v9yA9[:

Gyvv%vvOaGyvvgvv9eG}hd,>vv9*vv?GyvvAvv"vv(YGAvv+vv(jGyvvzvv=vv"vv9PGyvv=vvQj|vv#GyvvAvvtvv%vvtvvQh\vv}vv9f
hpQ@&,CZ9yK<+8+?vvvvvGsAZ9O*?,hsO@qQYf"&G}$OGaGyA9y+?:

vvvvv@z|_G:SAtQGQy~!d}?Gy=+8+?6Oa@D=+BGyA(GRfGy=+8,.

vvvvvEOGQIG IQGLhGCQGf,<j+?G vD9Q|"%9hR*9OIE!A9F%9.

Gyvv%vvOaGyvvgvv9eGyvvDvv9P,GCJvvv9pvvvdvvv?fvvv̂GyvvvAvvv"vvv(YGyvvv=vvv+vvv(yvvv(Fvvv,pvvv,GC+vvv9gGyvvvgvvvP<vvv?hEOGQI
|Z9OQ$9hGSAg}9y%9<Ww{s9<{yzAa(QhG:SA}QGQh@=z(Q$PGGy%Oa<vvvv:

vvvvvOQGS?GyA"(YGy=+(y(F,p,Gy"d9eGy=+8,yz}+9gGygP<?h_QbGCJ9pd?fz+&.

Gyvv%vvOaGyvvgvv9eGyvvDvv9yvvE,>vv9*vv?GyvvAvv"vv(YGyvv=vv+vv(yvv(Fvv,pvv,Gyvv(SvvbGyvv=vvJvvQjhGyvvTvv9Ivv\
Gyz="9P,hR*9OI|Z9OQg<(S9F{s9<z?yzAa(Q.h@qQYf#$PGGy%Oa|9*\:

vvvvv>9*?G}!d}?Gy=+8+?p,Gy(SbGy=JQjhGyA"(YGy=+(y(F,GyT9I\.

vvvvvGSvAvgv}v9dGC(GQOGyv=vJvQ*v?hGyvTv9Ivz+?<vavQ*vtv?sv9<vzv?yvzvAvav(QhG:SvAv}vQGQ,<v9yvAvgv9hf
<+#G@%9JGyQS}+?hGCGA}g9JGCJz+?.

Gyv%vOaGyvgv9eGyvQG<vh,>v9*v?GyvAv"v(YGyv=v+v(yv(Fv,GyvRQGfv,|v#GyvAvtv%vtvQhGCJv9pvdv?fv̂
hpQIGC(GQOGyRQGf+?<}9*R*OGyq(GFOGy=+8+?hG:sAZ9O*?.hsO@qQYf#$PGGy%Oa:

vvvvv>vv9*vv?G}!vvdvv}vv?Gyvv=vv+vv8vv+vv?GyvvRQGfvv+vv?hG <vvtvv9Afvv̂GyvvAvv"vv(YGyvv=vv+vv(yvv(Fvv,GyvvRQGfvv,GCJvv\
hC!(Gf&GCJz+?.

vvvvv>vv9*vv?GyvvAvv"vv(YGyvv=vv+vv(yvv(Fvv,GyvvRQGfvv,|vv#GC}vv9QSvv9JGyvvRQGfvv+vv?GBvv9_vv8vv?,h@vvavv(*vvQ
GyAWQ*g9JGyA,;O|#GC}9QS9JGC|O*?E]LT9QIG}Y(dGy(QGC+?.

(33)hRGQIGyvv=vv+vv8vv?Gyvvzvv=vv"vv9!vv+?,zGSvvAvvQG@vv+Gvv+vv?GyvvAvv"vv(YGAvv+vv(jhLvvavv?Gyvvgvv}vv{Gyvv(_vv"vv+vv?,y(Gyvv(RGQI,<vv+QhJ,

1998).
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vvvvvE!W9As9fOI|gz(|9@+?yzA(C+uhGyA(F+&f^GyA"(YGA+(jGyRQGf,.

vvvvv@vvvavvv(*vvvQGCWvvv9Qvvvv?pvvv,Gyvvv"vvvWvvv9_vvv9JGyvvv=vvv+vvv8vvv+vvv?fvvv̂GCTvvvAvvv(*vvv9JGyvvv(_vvv"vvv+vvv?hG svvvz+}vvv+vvv?
hGyg9C+?.

Gyvv%vvOaGyvvgvv9eGBvv9|vvU,GCJvv9pvvdvv?fvv̂GyvvAvv"vv(YGyvv=vv+vv(yvv(Fvv,pvv,|vv(svvgvv&Gyvvavv=vv+vvgvv,,
hEsvv9|vv?!vvdvv9e<vv+8vv,|vvAvv(GRfIvv+vvEGyvv"vv=vv9@vv9JhGAvv+vv(G!vv9J@vv"vv}vv(h@vvAvvavv(Q_vv=vv+vvgvv+vv9

k
hEvvDvv{$vvPG

Gy%Oa<vvvv:

vvvvv@v(Sv+vh!vav9bGC"v9_vuGCJv}v+v?pv,<v+8v9J<vQ*v?h<vJvQ*v?hpv,GC+v9gGyvgvP<v?h@v"vdv+v}v%v9
hEOGQ79.

Gyv%vOaGyvgv9eGyvTv9OS,>vv9*vv?G}!vvdvv}vv?Gyvv=vv+vv8vv+vv?Gyvvavv=vv+vvgvv+vv?|vv#G}!vv(GYGyvvOLvv+vvzvv?hEvvDvv{
$PGGy%Oa<vvvv:

vvvvv>vv9*vv?G}!vvdvv}vv?Gyvv=vv+vv8vv+vv?Gyvvavv=vv+vvgvv+vv?hGyvvAvv"vv(YGyvv=vv+vv(yvv(Fvv,GCJvv\hG}Yvv(dGyvv(QGCvv+vv?
yvvvv~!vvvv(GYGyvvvv=vvvvzvvvvO*vvvv?|vvvv#G:SvvvvAvvvv+vvvvQGOGCtvvvvZvvvv(OChG OLvvvv9dGyvvvvgvvvvQ\vvvv,,}!vvvv(GYGyvvvv"vvvv=vvvv9@vvvv9J
hGA+(G!9JGyOL+z?ChGCJT"?hQGC+9

k

Gy%OaGyg9eGyT9<h,GyAg9hfGyOh[hED{$PGGy%Oa<vvvv:

vvvvv@vvz|vv_GCWvv9Qvvv?Gyvvqvvgqvv9yvv?pvv,GCgvv9$vvOGJGyvvOhy+?hG svvz+}vv+vv?,|vvDvv{Gyvv=vvQh@vv(vvv(:J
hG:@q9s9JhGy=QG|HGyAt"+?GCAgzt?<9yA"(YGA+(j.

Gy%OaGyg9eGyD9|#,@"q+PG:SAQG@+G+?hED{$PGGy%Oa<vvvv:

vvvvv@vv"vvqvv+vvPG:SvvAvvQG@vv+Gvv+vv?hLvvavv?Gyvvgvv}vv{Gyvv(_vv"vv+vv?yvvzvvAvv"vv(YGAvv+vv(j<vv9CWvv9Qvvv?|vvh=vv+vvh
G@%9JhGC"d}9JGCg"+?.
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˙�HBq˙��U�w�Ad

OhQG9REvvXAG9d=MTvvvXJ

6vvw)CNTvvoG9@RQTvvZG9eQG4TvvZG9QE@bG:vvZ
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|OLvvvv{

PvvvvQ!vvv9Svvv9<vvvtvvv9
k

Cf
q

CvvvvDvvvQ|vvv#800|vvvz+(fpvvvQOpvvv,8vvv9*vvv?GyvvvtvvvQfGyvvvgvvvWvvvQ*vvv#*vvv(GFvvv%vvv(f
|vvWvv9vvv{fvvOe@vv(GpvvQGyvvjvvPGA<vv}vv9pvv+vv%vv~GyvvgvvO*vvO|vv#GC"vv9_vvuGyvvgvvQ<vv+?h<vvMvv9Yvv?pvv,GyvvZvv(|vv9d
h|v(Q*vAv9!v+9hGyvTv(OGfhiv+vQ$v9.h*vROGOGyvAvJvOjpv,|v(GFv%v?@vz|v_|vAvavzv=v9JGyvavgv9eyv%v~
h}<vv"vv9Fvv%vv~vvvzvv}qvv9|vvQqGyvvR|vv#.h*vvOdfvv̂$vvPGGyvvAvvJvvOjvvv{|vv#Gyvv"vv}vv(GyvvTvvwvv9PhGyvvAvvJvv]vvQ
hGyvvavv9svv?Gyvvwvv9|vv"vv?GCJvvOhOIyvvR*vv9OIG !vvAvv9L,fvv=vvQGyvvAvv(Svvhpvv,GCTvv9Ivv9JGCRQhfvv?,Qivv~
R*vv9OIGyvvjvv;dGC}vvwvv"vv?.h<vv+"vv}vv9@vvTvvAvv}vvQGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,@vvavv(*vvQG}Yvv"vv9aGyvvgvv9y+?
Gyvvvjvvvzvvv?,h*vvvROGOGyvvvAvvvTvvv9|vvvK|vvvhG}h\vvv9YGyvvv=vvv+vvv8vvv+vvv?ivvv+vvvQGCQivvv(H6vvv9,$vvv"vvv9c|vvv(QOyvvvzvvv"vvv}vvv(
GyvvRQGfvv,ivv+vvQIvvOhO*vvAvv}vvDvv{<vv9CQCIGyvvQ*vvqvv+vv?Kvv>G:SvvAvvqvv9OI|vv"vv&<vvWvvwvv{Svvz+~pvv,;vvtvv+vvu
GyA"}+?GyRQGf+?GCTAOG|?h@(p+QGyjPGA.

|vv#GCgvvQhahFvv(OCvv;Cvv?Csvvavv9Hyvv~|vv#GyvvjvvPGFvv,$vv,:GyvvjvvPGAGCAvv(GpvvQChE!vvAvv9L
GyvvjvvPGAGC"vv9Svv>,GyvvAvvwvvzvvqvv?G:svvAvvZvv9O*vv?yvvzvvjvvPGAGCAvv(GpvvQ,hC|vv#GyvvAvvjvvP*vv?.h@vvAvv(svvr$vvPg
G}svvavv9HGyvvDvv;Cvv?fvv̂|vv(GQOivv+vvQivvPGFvv+vv?,vvv}vv9PvvvQ!vv9Svv9<vvtvv9C*vv]vv9

k
,|vvDvv{Qfvv9*vv?G}_vvqvv9d

hGyvvQfvv9*vv?GyvvZvvJvv+vv?hGBvvO|vv9JGyvvZvvJvv+vv?hGC9AGyvv"vvdvv+vvr.h@vv|OjGyvv"vvTvv9AGyvvQ*vvqvv+vv9JOhQG
k

CSvv9Svv+vv9
k

hEfD*vvwvv#Svv9FvvOG
k
pvv,@vv(pvv+vvQG}svvavv9HGyvvDvv;Cvv?Gyvv]vvQhQ*vv?hG}Svv9Svv+vv?yvvAvvJvvtvv+vvu

GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,h<v9yvAv9[G}|v#GyvjvPGFv,pv,GyvOhdGyv"v9|v+v?h<vav=v+vgv?GAv9dpv,
Gyvv(_vv#GyvvgvvQN.h@vvtvv(eGyvv"vvTvv9AGyvvQ*vvqvv+vv9Jfvv9OI6vvPgG}OhGQhSvvbHvv}vv(fvv?|vv#GCJvvOOGJ
G:FA}9f+?hG:sAZ9O*?hGyDt9p+?.

pvv,$vvPGGyvvqvvZvv{!vvgvvQVyvvzvvgvvO*vvO|vv#GyvvWvv(G$vvOGAvvO*vvDvv?<vvwvv+vvqvv+vv?@vv"vvqvv+vvPGCQCIGyvvQ*vvqvv+vv?
COhGQ$vv9pvv,GCJvv9pvvdvv?fvv̂G}svvavv9HGyvvDvv;Cvv?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?,h<vv9yvvAvv9[yvv~|vv#
GyvvvjvvvPGFvvv,.hpvvv,Gyvvv(svvvB!vvvqvvvTvvv&!vvvAvvvqvvvJvvv[GyvvvavvvQbGyvvvAvvv,*vvv}vvvwvvv#6vvv9|vvvOqG}svvvavvv9HGyvvvDvvv;Cvvv?
GCPvvv(QIfvv=vvQGyvvTvv+vv9Svv9JhGyvv=vvQG|vvHGyvvAvv,*vv}vvwvv"vv%vv9GCJvv9pvvdvv?fvv̂svvOQGJGyvv"vvTvv9AGyvvQ*vvqvv+vv9J
hGC(GQOG}LvQi6vOa;vtv+vuCOhGQ$v#,EPEf

q
GyvAv(R*vhG}vvDvQfvOGyv?yvzv}v(GQOGC(Fv(OI

<vv+#Gyvv"vvTvv9AhGyvvQFvv9dpvv,GyvvQ*vvrivv9yvv=vv9
k

|vv9LvvTqvv#h\vvhG}|vv#GyvvjvvPGFvv,.E:CfGyvvgvv(GFvvO
Gyvvwvv=vv+vvQIGyvvAvv,*vv}vvwvv#GAvvZvv(dfvvz+%vv9,@vvAvv}vvDvv{<vv}vvgvv9@vv?GCJvvOOGJGyvv"vv(fvv+vv?GyvvAvv,@vv(GFvv&
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Gyv"vTv9AGyvQ*vqv+v9Jh<v9yvAv9[EQVv9O$v#E]vv+vqv+v?GyvAvMvzv[|v"v%v9,<vJv+vE*v}vwv#|vgv&|v(GFv%v?
|vAvavzv=v9JGyvjvPGA,Sv(GACvv9fPyvxfv̂|vTvAv(iGyvOhyv?Gyv(GIvOIChfv̂|vTvAv(iG svz+~
Chfvvv̂GCTvvvAvvv(iGyvvvOh[.h*vvvAvvv]vvv}vvv#$vvvPGGyvvvqvvvZvvv{Cvvv;Cvvv?|vvv(G\vvv+vvvhCSvvv9Svvv+vvv?$vvv,:Gyvvv"vvvTvvv9A
GyvvQ*vvqvv+vv9JhG !vvAvv9LGyvvRQGfvv,;Gyvv"vvTvv9AGyvvQ*vvqvv+vv9JhGsvvAvvZvv9O*vv9JGyvvjvvPGA;hCLvv+vvQGGyvv"vvTvv9A
GyQ*q+9JhC|#GyAjP*?.

Ch:
k

:Gy"T9AGyQ*q+9J|qA9MGyA"}+?GyRQGf+?GCTAOG|?
hGyjPGAhE!A9LGCJ9Y+{Gy"tO*?

PvvQB!vqv9
k

Cf
q

G !vAv9LGC"v9Sv>yvzvjvPGA*v}vDv{Gyvtvav>G}hdyv~|v#GyvjvPGFv,.hvv}v9$v(
|vvgvvQha@vvgvv}vv{Gyvv"vvTvv9AGyvvQ*vvqvv+vv9Jpvv,=vv+vvhGyvvOhdGyvv"vv9|vv+vv?E|qvv9vvv}vvRGQfvv9JChvvvgvv9|vv;J
RQGfv+v9JChpv,GCGv9:JGCQ@v=vav?<v9yvRQGfv?.h@vqv+vOEIvZv9AGJ|v"vdv}v?G}ivP*v?hGyvRQGfv?
GyvOhy+?,Cf

q
CvvDvQ|v#!vZvrGyvgv}v9yv?Gyv;R|v? !vAv9LGyvjvPGAGCTvAv%vzvxpv,GyvOhdfv9FvOE]

Gyvv"vvTvv9AGyvvQ*vvqvv+vv9J,hQ<vv}vv9Cvv;Cvv?CQ<vv9fvv%vv9pvv,GyvvOhdG}pvvQ*vvtvv+vv?(60vvvvv90pvv,GC8vv?)hPyvvx
<vJvTv>Gyv"vWv9_v9JGyvRQGfv+v?(1).C|qv9pv,GyvOhdGyv"v9|v+v?G6Sv+v(*v?pvjv9yv=v9

k
|v9*vgv}v{GyvQ*vqv+v(f

hGyvvQ*vvqvv+vv9J|vvgvv9
k

,h$vv"vv9@vvTvv9$vv~GyvvQ*vvqvv+vv9J|vv9<vv+#10vvvvv50pvv,GC8vv?|vv#Gyvvgvv}vv{CMvvAvvzvvr
GCJvvv9Yvvv+vvv{GyvvvRQGfvvv+vvv?.pvvv,OhdC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?(vvvv}vvv9pvvv,Gyvvv=vvv+vvvQhhivvv(G@vvv+}vvv9:)@vvvTvvv9$vvv~
Gyvv"vvTvv9AGyvvQ*vvqvv+vv9J<vvvv25pvv,GC8vv?|vv#Hvv}vv(YGyvvgvv}vv{Gyvv;Reyvvzvv}vvJvv9Yvv+vv{<vv}vv9pvv+vv%vv9fvv}vvz+9J
GAvvZvv9OhGyvvAvvTvv(*vvu(2).<vvWvvwvv{fvv9e@vvTvv9$vv~GCQCIGyvvQ*vvqvv+vv?pvv,E!vvAvv9LGyvvjvvPGA<vv"vvTvv>@vvAvvQGhM
<vvv+#70vvvvv80pvvv,GC8vvv?pvvv,CpvvvQ*vvvtvvv+vvv9h65pvvv,GC8vvv?pvvv,BSvvv+vvv9h45pvvv,GC8vvv?pvvv,C|vvvQ*vvvwvvv9
Gy;@+"+?hGyw9Q*=,<JT>QCjL=QGA|g%O<J(KS+9S9JGyjPGAGyg9C,(3).

C9!+9
k

:GCJOOGJGyA,@(GF&Gy"T9AGyQ*q+9JGCRGQf9J
<vv9yvvQivv~|vv#CGvv+vv?Gyvv"vvTvv9AGyvvQ*vvqvv+vv9Jpvv,;vvtvv+vvuG !vvAvv9LGyvvRQGfvv,pvv,GyvvOhdGyvv"vv9|vv+vv?,

E:C8v#iv9yv=v9
k

|v9LvZvOf|vTvAv(*v9J|vAvO!v+?|v#GyvQCSv}v9dGyvav=v+vgv,hGyv=vWvQj<v9Ctv9Q!v?|vh

(1)World Bank, Women in Development: Issues for Economic and Sector Analysis, Policy Planning

and Research Working Paper; 269 (Washington, DC: The Bank, 1989).

(2)G!vvvvvvvvvvvvvvdvvvvvvvvvvvvvvQ:Agnes. R. Quisumbing, Improving Women’s Agricultural Productivity as Farmers and

Workers, World Bank Discussion Paper Series; no. 37 (Washington, DC: World Bank, 1994), and C. D.

Deere and M. Leon, Women in Andean Agriculture (Geneva: International Labour Organization (ILO),

1982).

(3)Agnes R. Quisumbing [et al.], «Women: The Key to Food Security,» (Food Policy Statement;

no. 21, International Food Policy Research Institute (IFPRI), Washington, DC, 1995).
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|v9LvZvOgGyvQFv9dGyvQ*vqv+v(f.h@vgv(OfvOeGCTv9hGI$vPgE]GyvgvO*vO|v#Gyvgv(G|v{GC|SvTv+v?
hG:FvAv}v9fv+v?hGyvtv9!v(!v+?,GyvAv,ChFvOJGC(G!vhC|v9eGyv"vTv9AGyvQ*vqv+v9J,!vPvvQCGv%v9pv,|v9
*\:

1vvvvv\grIt(bGCQCIGyQ*q+?:9gEz
q

xG}QV

Ivv+vvE@vvqvv+vvOGyvvOQGSvv9JGCtvvO|vv?C|EvvQGCQCIGyvvgvv9C,GyvvPjfvvtvvOpvv,<vvwvv_pvv,GyvvZvv_
fvv9e1995,<vvzf

q
Ivvtvv(bGyvv"vvTvv9A<vvgvv9|vv?hGyvvQ*vvqvv+vv9J<vvMvv9Yvv?pvv,GyvvAvvWvvQ*vvgvv9JhGyvvtvv(G!vv+#

GBvv9Yvv?6vv#qpvv,GyvvOhdGyvv"vv9|vv+vv?,|vvAvv=vv9*vv"vv?FvvOG
k
.hQivv~hFvv(OGyvvAvvWvvQ*vvgvv9JhGyvvtvv(G!vv+#GyvvAvv,

@vvvgvvvavvv,GCQCIfvvv}vvv(|vvv9
k

IvvvuG|vvvAvvv;cG}QVhIvvvu@vvv(GQCvvv%vvv9,!vvvGvvvOCfGyvvvgvvv9OGJhGyvvvAvvvtvvv9y+O
GAvv9vvv}vv?pvv,Q*vvr|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?,<vv}vv9pvv+vv%vv9GyvvOhdGyvvgvvQ<vv+?,;vv(dOhfPyvvx.
hIvvv+vvvEEf

q
Gyvvv"vvvTvvv9AGyvvvQ*vvvqvvv+vvv9J|vvvTvvv|h:J|vvv=vvvOFvvv+vvv9

k
fvvv#E!vvvAvvv9LGyvvvjvvvPGA,pvvv{8vvv#q!vvv9OQG

k
|vvv9

*vvvTvvvAvvvMvvvO|vvv#IvvvuG|vvvAvvv;cG}QV,hEPGIvvvOKPyvvvxyvvvtvvvTvvv~|vvv"vvv%vvv#qpvvv%vvv(|vvvtvvvQhf<vvvQ\vvv)
h|(Gpt?GyQF9dGy"T=+?|D{G}HChG}NChGyRhL.

2vvvvvYg(<?hY(dGCQCIGyQ*q+?E]GC(GQOPGJGCzw+?Gyg9|?
|v#GCgvQhaCf

q
Iv+v9IG}SvQIGyvQ*vqv+v?@vAv(svrfv̂|vOisvQHGyv"vTv9AGyvQ*vqv+v9J|v#

G}QG\vv,Gyvvgvv9|vv?hGyvvjvv9<vv9Jh|vvZvv9OQGC+vv9g,6vvOa\vv}vv9fFvvzvv>GC+vv9ghCLvvWvv9HGyvvAvvOpvv8vv?

hGyvjvPGAhJvAvzvrG}OhGJGyv;R|v?yvwv{|v#G:SvAv%v;cGCJv\hG !vAv9LGyvRQGfv,.hiv9yv=v9
k

|vv9@vvwvv(fYvv;JGyvv"vvTvv9AGyvvQ*vvqvv+vv9J(GyvvRhFvv9J)<vv9CZvv9OQGCPvvv(QIIvvOhOI|vv#!vv9Ivv+vv?,
h|v%v]v(|v?GAvtv(b|v#!v9Iv+v?CLvQi,h<vMv9Yv?fv"vO|v9;v(qd|vzvwv+v?$vPgGC(GQOGyvav=v+vgv+v?
|#GCzw+?Gyg9|?E]GCzw+?GB9Y?(4).

3vvvvvGytZ(Qp,@z|_GyAG%+RGJhGyAt"+9JGC"9S=?yz}QCIGyQ*q+?
ivvvv9yvvvv=vvvv9

k
|vvvv9;vvvvZvvvv{Gyvvvv"vvvvTvvvv9AGyvvvvQ*vvvvqvvvv+vvvv9JGCRGQfvvvv9Jpvvvv,GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?fvvvv̂COhGJ

h:vv%vv+vvRGJ@vvtvv"vv+vv?Lvv9Yvv?<vv9yvv"vvWvv9_vv9JGyvvRQGfvv+vv?Csvv{|vv#GyvvQFvv9d,E\vv9pvv?E]Cf
q

GyvvAvvtvv"vv+vv9J

GAvvO*vvDvv?CfvvOqJ<vvWvvwvv{Lvv9UyvvAvv;Fvv~GyvvQFvv9dCvvvDvvQ|vv#Gyvv"vvTvv9AGyvvQ*vvqvv+vv9JhIvv9Fvv97vv#,
fvvzvv}vv9

k
Cf
q

Fvv%vv(OGyvv=vvJvv(KGyvvgvv9C+vv?GAvvO*vvDvv?pvv,$vvPGGCGvv9dsvvO_vv(qQJfvvOOG
k

|vv#G6:J

GyvvvAvvv,@vvvtvvvzvvv[fvvv}vvvz+?GSvvvAvvvjvvv;dGyvvv"vvvTvvv9Apvvv,E!vvvGvvv9RGC%vvv9eGyvvvwvvv=vvv+vvvQI|vvv#svvv=vvvzvvv%vvv#,h@vvv;Fvvv~
|vvAvvavvzvv=vv9JGyvvgvv}vv{Gyvv"vvTvv9Fvv+vv?|vvDvv{B:J_vvJvv#G}QRGyvvZvvjvv+vvQIGyvvAvv,_vv(qQ$vv9|vvgvv%vvO<vvJvv(K

(4)GCZOQ!qT&.
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G}QRGyvvgvv9C,(IRRI),hB:J:vv%vv+vvRIvvZvv(dGyvvwvv9Svv9pvv9GyvvAvv,_vv(qQ$vv9|vvgvv%vvOGyvvRQGfvv9J
G:SA(GF+?Gyg9C,C*]9

k
(IITA)
(5).

4vvvvvIOhO*?G:@Z9d<9 QV9OGyRQGf,
<vv9yvvQivv~|vv#GyvvOhQGyvvQGFvvOyvvzvv"vvTvv9AGyvvQ*vvqvv+vv9Jpvv,GyvvRQGfvv?pvv,GyvvOhdGyvv"vv9|vv+vv?,E:Cf

!vvvZvvv+vvv=vvv%vvv#q|vvv#LvvvO|vvv9JG QVvvv9OGyvvvRQGfvvv,IvvvOhOISvvv(GACvvvv9fPyvvvxpvvv,GAvvvZvvv(dfvvv̂
Gyvv=vvPhQGCJvvTvv"vv?ChG}Svv}vvOIChGyvvtvvQhVChC*vv?!vvWvv9_vv9JEQVvv9O*vv?CLvvQi.fvv}vv(|vv9

k
$vv"vv9c

CQ<g?IOOGJ|=OF+?@g+uIZ(dGyQ*q+9Jf^GBO|9JG QV9O*?$,:

Cvvvvv|vvv"vvvgvvvBGyvvvgvvv9OGJhGyvvvAvvvtvvv9y+Opvvv,GyvvvgvvvO*vvvO|vvv#GC"vvv9_vvvupvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?|vvvtvvv9<vvvzvvv?
G:LAZ9Y+_G QV9O*_yz"T9AGyQ*q+9JGCRGQf9J.

HvvvvvEfvvvv9svvvv?GCTvvvv|hy+9JGCJvvvvz+?yvvvvzvvvv"vvvvTvvvv9AGyvvvvQ*vvvvqvvvv+vvvv9J,pvvvv,<vvvvgvvvv̂G}hsvvvv9J,|vvvv#
IQvA%#<J+E:g{|T9G?@zxGy"T(Ip,GyOhQGJhGCt9<;JG QV9O*?Yg=?.

Lvvvvvivv9yvv=vv9
k

|vv9@vvtvvOeGBvvO|vv9JG QVvv9O*vv?<vv9yvvzvvjvv?Gyvvtvv(|vv+vv?hGyvvqvvZvvJvv)GyvvAvv,:@vvQivv>
Gy"T9AGyQ*q+9JGyAwz~69,h*q]z#Gyz%G9JGCJz+?.

OvvvvvfOehF(O|QVOGJRQGf+9J<9yWw{Gyw9p,.

hyvvvvgvvvv;L$vvvvPgGyvvvvdvvvv9$vvvvQI:<vvvvO|vvvv#EfvvvvOGOvvvvv9OQGCQVvvvvOGJGyvvvvRQGfvvvv+vvvv9JGyvvvvwvvvv9pvvvv,,
h@vvOQ*vv=vv&fvv̂|vvqvv9$vv+vv~GyvvAvv"vv}vv+vv?GCJvvz+?hG:svvAvvZvv9OGC"vvR[<vvJvv+vvE@vvgvv}vv{$vvPgGCQVvvOGJ
GyRQGf+9J|=9VQI|hGy"T9AGyQ*q+9J.

5vvvvvGytZ(Qp,GyA}(*{GyRQGf,
@vvv(GFvvv&Gyvvv"vvvTvvv9AGyvvvQ*vvvqvvv+vvv9Jfvvvtvvv=vvv9JvvvvDvvv+vvvQIyvvvzvvvJvvvZvvv(dfvvv̂GyvvvtvvvQhVGyvvvRQGfvvv+vvv?,

pv9}QV,GyvAv,@vgvAv=vQhSv+vzv?Gyv]v}v9fG}Sv9Sv+v?,@vtvh\v}v#|vzvwv+v?GyvQFv9d.vv}v9Ef
q

GCGv($vQGJGyvAv,;v}vzv%v9Gyv"vTv9AGyvQ*vqv+v9J:@

o
vtv=nv{vv]v}v9ffv"vOvvDv+vQ|v#GC|SvTv9J

G svvQG\vv+vv?.hivv9yvv=vv9
k

|vv9@vvwvv(f@vvwvv9y+r|vvgvv9|vvzvv?GyvvtvvQV(@vvwvv9y+rG:!vvAvvtvv9dh@vvwvv9y+r
EfvOGOG}hQGbGyv;R|v?yvzvtvQVhR|v#G:!vAvdv9Qhiv+vQ$v9)|vQ@vqvgv?,h:*v}vwv#Gyv"vTv9A
GyvQ*vqv+v9J;v}qvzv%v9.vv}v9Ef

q
GC(G!vhG:FvAv}v9fv+v?hGyvDvtv9pv+v?(vv}vTvAv(*v9JGyvAvgvz+~GC"vMvqv]v?

(5)T. R. Paris and P. L. Pingali, «Do Agricultural Technologies Help or Hurt Poor Farm

Women?,» paper presented at: The International Workshop on Enhancing Incomes of Rural Women

Through Suitably Engineered Systems, International Rice Research Institute (IRRI), l0-13 May 1994.
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yvvzvv"vvTvv9AGyvvQ*vvqvv+vv9J<vv9Ctvv9Q!vv?|vvhGyvvQFvv9d,hfvvOe|vvgvvQpvv?Gyvv"vvTvv9AGyvvQ*vvqvv+vv9J<vv{FvvQGAGJ
GAvvvZvvv(dfvvv̂GyvvvtvvvQhV);vvvOC*vvv]vvv9

k
|vvv#IvvvQvvvv?Gyvvv"vvvTvvv9AGyvvvQ*vvvqvvv+vvv9Jh@vvvqvvv9fvvvzvvv%vvv#|vvvh

|vvvvTvvvv|h[Ch|vvvvtvvvvQ\vvvv,G}|vvvv(GdGyvvvvPvvvvv(Q.E:C!qvvvv&h|vvvvh<vvvvOG*vvvv?GyvvvvDvvvv}vvvv9!vvvv+"vvvv+vvvv9JsvvvvO
q
|vvvvB

GC"vvdvv}vv9JGyvvOhy+?Lvv+vv9QGJfvvO*vvOIyvvtvvavv9Yfvv}vv{Gyvv"vvTvv9AGyvvQ*vvqvv+vv9JyvvAvvtvvO*vv~GCTvv9fvvOI
yvv%vv#qpvv,Hvv9dGyvvAvv}vv(*vv{hGBvvO|vv9JGCZvvQpvv+vv?,hCOLvvzvvBGCJvv9Yvv+vv{GyvvAvv,*vvgvv}vvzvv#6vv9
pv,<vQG|vHG svQGV.vv}v9E8v9svz

q
vZvB@vwv9y+r|vgv9|vzv?GyvtvQVhC!vWvzJGyvAvTv%v+v;J

GBv9Yv?<v9yv(OGFvhhGyvQ$v(!v9J,hLvq
q
v]vB|vgvO:JGyvqv9FvOIh_v(qQJOLv(dGC($v(<v+#

hChFvvvvvOJGC|SvvvvvTvvvvv9JGCJvvvvvz+?,vvvvvv}vvvvvGvvvvv}vvvvv(fvvvvv9JGCRGQfvvvvv_,hVvvvvvO
q

OJfvvvvv̂@vvvvv(pvvvvv+vvvvvQ
GBO|9JGC9y+?(6).

6vvvvv|TA(*9JGyAgz+~GC"Mq]?
<vzvjvB|vgvO:JG}|v+v?yvzvQFv9dpv,GyvOhdGyv"v9|v+v?pv,ChGFv{GyvAvTvgv+"+v9JIv(G]50

pvvv,GC8vvv?,pvvv,Ivvv_GQ@vvvqvvvgvvvByvvvOiG !vvv9KE]CvvvvDvvvQ|vvv#66pvvv,GC8vvv?,hSvvv+vvvROGO$vvvPG
GyvvvAvvvqvvv9hJ<vvv+#GyvvvQFvvv9dhGyvvv"vvvTvvv9A|vvvTvvvAvvvtvvv=vvv;

k
hLvvv9Yvvv?pvvv,GC"vvv9_vvvuGyvvvQ*vvvqvvv+vvv?Ivvv+vvvEG@vvv(G!vvv>

GyvvAvvgvvz+}vv+vv?|vv"vvMvvqvv]vv?h:Svv+vv}vv9yvvzvv"vvTvv9AGyvvQ*vvqvv+vv9J(7).h@vv"vvgvvwvvU$vvPgGyvvgvv}vvz+?Svvzvv=vv9
k

fvv̂
G !vvvAvvv9Fvvv+vvv?GyvvvRQGfvvv+vvv?hGyvvvOLvvv(dLvvv9Yvvv?yvvvOiGCRGQfvvv9JGyvvvQ*vvvqvvv+vvv9J<vvvgvvvwvvvUGCRGQfvvv_
GCAvvvgvvvzvvv}vvv_,pvvv%vvv~CvvvvDvvvQQivvv=vvv?<vvvAvvv=vvv"vvv,GyvvvAvvvwvvv"vvv(yvvv(Fvvv+vvv9G@vvvO*vvvOIhCvvvvDvvvQ@vvvgvvv9h!vvv9

k
|vvvhGBvvvO|vvv9J

G QV9O*?.

hG6f|9PG!JZq{y(CR*zB$PgGC(G!hf#v9${Gy"T9AGyQ*q+9J?

fv"vOEfvav9AGyv"vTv9AGyvQ*vqv+v9JE|vwv9!v+9J|vAvTv9h*v?|vhGyvQFv9dyvzv(Yv(dE]GC(GQO
GCMvvAvvzvvqvv?hGyvvQCSvv}vv9d,pvv{8vv#qSvv+"GvvRfivv;:

k
|vvgvv9Oyvv?yvvAvvzvvxGyvvAvv,*vv"vvGvvR$vv9GyvvQFvv9dCh
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GyvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?hLvv9Yvv?G}pvvQ*vvtvv+vv?|vv"vv%vv9,@vvtvv(divv+vvQPyvvx;pvvqvv,Ohyvv?RG|vv=vv+vv9
@vgvAv=vQGyv"vTv9AGyvQ*vqv+v9J|vTv|h:Jfv#49pv,GC8v?|v#fv}v{G}SvQI|vtv9<v{39pv,GC8v?
yzQF9dh12p,GC8?y~h:O,|(Rf?f^E!A9LGCJ9Y+{(14).

|vvv#Fvvv%vvv?CLvvvQi,*vvvtvvvZvvvO<vvv9Yvvvavvv;MGyvvvQfvvv9*vvv?ChGyvvvgvvv"vvv9*vvv?,G:!vvvAvvv=vvv9gyvvv(\vvvhCpvvvQGO
G}SvvQIhYvvQaGyvv(svvBGC"vv9Svv>yvvAvvzvv=vv+vv?GIvvAvv+vv9Fvv97vv~Gyvvqvv+vvR*vvtvv+vv?hG:FvvAvv}vv9fvv+vv?hGyvvZvvJvv+vv?
Gyv;R|v?yv"v}v($v~,h<vMv9Yv?G}_vqv9d|v"v%v~,<vWvwv{Svz+~.h@vAvavzv>$vPgGyvTvzv(vv+v9Jpv,
Hv9dGyvQfv9*v?,h<vMv9Yv?|v9*vAvgvzvu|v"v%v9<v9}_vqv9d,hsvAv9

k
vv=v+vQG

k
!vTv=v+v9

k
,Iv+vE@vtvOQEIvOi

GyvOQGSv9Jfv#GyvOhdG}pvQ*vtv+v?GCPvv(QIB!vqv9
k

Cf
q

GyvR|v#ChGyv(svBGC=v9VvQGCMvZv[|v#
Gy"T9AGyQ*q+9JyQf9*?G}_q9d*AQGhM<+#S9f?vvvvvS9fA_*(|+9

k(15).

2vvvvvG}h\9YGyAjPh*?yz"T9AGyQ*q+9Jv}OL{yZJ?h@jP*?G}_q9d
@vgvAv=vQfv}vz+?>v9*v?G}h\v9YGyvAvjvPh*v?yvzv"vTv9AGyvQ*vqv+v9J|v#G}|v(QGyv]vQhQ*v?vv(8v9

pv,vvDv+vQ|v#GAv9:JQ<v?G}SvQI,hPyvxyv]v}v9fG}h\v9YGyvAvjvPh*v?GC;Fv}v?yv~_vqv9d.
EP|v#GCgvQhaCfGyvAvjvP*v?GCTv=vtv?yvzvJv}v{hGyv(RfGCAvRG*vOLv;dfv}vz+?GAv}v{hGyvAvjvP*v?
G@vv+vvOILvv;dpvvAvvQIG Q\vv9Y,h@vv(pvv+vvQIvvz+>GyvvQ\vv9fvv?<vv9yvvwvv}vv+vv9JGC;Fvv}vv?,E\vv9pvv?E]
GyvvAvvjvvP*vv?G@vv+vvOIyvv~|vv%vv9J,@vv|OjE]h:OGJ|vvQ@vvqvvgvv?Gyvv(RfhE]C_vvqvv9dFvv+vvOjGyvvAvvjvvP*vv?
hGyvvAvvQ<vv+?.vvvPyvvx|vv#GCgvvQhayvvOiG}_vv=vv9ACf

q
hRfGC(yvv(O$vv(GCJvvOOG}Svv9SyvvAvvtvvQ*vvQ

Gyvvvv(\vvvvhGBvvvvzvvvvtvvvv,hGAvvvv+vvvv9Oyvvvvzvvvvavvvvqvvvv{GyvvvvQ\vvvv+vvvvh,h|vvvv#Cvvvv~qpvvvv,!vvvv}vvvv(gIvvvvAvvvv)GyvvvvTvvvv9<vvvvgvvvv?|vvvv#
fvvvvv}vvvvvQg(16).h@vvvvvqvvvvv+vvvvvOGyvvvvvOQGSvvvvv9JhGyvvvvvWvvvvv(G$vvvvvOCf

q
Svvvvv(A@vvvvvjvvvvvP*vvvvv?G@vvvvv"vvvvv_hGCQGIvvvvv{G}h]

yvvzvvavvqvv(yvv?,*vv}vvwvv#Cf@vvtvv(OE]C|vvQGVLvvavvQI|vvDvv{:C|vvQGVGyvv=vv(dGyvvTvvwvvQjhC|vvQGV
Gyw=OhC|QGVGyjOOhC|QGVGytQnYGyA,@Z+>|QIz?GyW=9HGCAtO|?(17).

vvvPyvvx*vv|CvvQGyvvgvv}vv{G@vvTvvOjyvvzvv"vvTvv9AGyvvQ*vvqvv+vv9JSvvzvv=vv+vv9
k

CCvv"vv9Afvv}vvzvv%vv#qpvv,GyvvRQGfvv?fvv̂
h\vgv%v#qGyvjvPGFv,,pvtvOG!vMvqv̂Gyv(\vhGyvjvPGFv,yvzv"vTv9AGyvQ*vqv+v9JGyvjv+"+v9JGyvgv9|v;Jpv,

(14)S. Kumer, Adoption of Hybrid in Zambia (Washington, DC: International Food Policy

Research Institute (IFPRI), 1994).

(15)Quisumbing [et al.], Ibid.

(16)DJP Barker, «The Rise and Fall of Western Diseases,» Nature, vol. 338 (1989).

(17)R. D. Semba [et al.], «Maternal Vitamin A Deficiency and Mother-to-Child Transmission

of HIV-1,» Lancet (25 June 1994).
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RQGfv?G}QRhGBv]v9Q,CvvDvQ|v#G!vMvqv9VGyv(\vhGyvjvPGFv,yvR|v+v;7v#qGyvgv9|v;Jpv,@vZv"v+vh
G}iP*?!dQG

k
E]G!Mq9VGya9s?Gy;R|?p,Gyg}{GyD9Pf"%9p,Gyg}{G}hd(18).

3vvvvv@(R*hGyag9ehGC(GQOG}LQi\}#G}SQI
@vvqvv+vvOJvvAvvzvvrGyvvOQGSvv9JGyvvAvv,CFvvQ*vvBpvv,GyvvOhdGyvv"vv9|vv+vv?Ivv(d@vv(R*vvhGyvvavvgvv9e\vv}vv#

G}SvQIGyv(GIvOI,Cf
q

$v"v9cIv9<v9Isv(*v?yvzvPvv(QhGyvWv=v9H|vtvOQI<vwv}v+v?Gyvavgv9eGCtvO|v?yv%v~
<vv9Ctvv9Q!vv?|vvhG !vv9K,h@vvdvv%vvQ$vvPgGyvvZvv(QI<vv(\vv(Mpvv,Esvvz+~Fvv"vv(HBSvv+vv9.vvvPyvvx*vvqvv]vv{
GyvWv=v9HhGyvZv=v+v9ffv̂G !v9Kpv,@v(R*vhGyvavgv9epv,GyvqvZv(dChGC(GSv~Gyv]vJvzv?G !vAv9L.
$vPG,h*vgvAv=vQGyvAv}v+v+vR<v+#GyvPvv(QhG !v9K<v9yv"vTv=v?E]GAvZv(dfv̂Gyvavgv9e\v}v#G}SvQI
Gyvvv(GIvvvOICIvvvOGyvvvgvvv(G|vvv{GC%vvv}vvv?GC(\vvvJvvv?:Q@vvvqvvv9Y|vvvgvvvOdGyvvv(pvvv+vvv9Jpvvv,G !vvv9KGyvvvQ\vvvh
hG}_vvvvvqvvvvv9dOhfSvvvvv#GCOQSvvvvv?.C|qvvvvv9@vvvvv(R*vvvvvhGC(GQOChGCOLvvvvv;JG}LvvvvvQifvvvvv̂G}_vvvvvqvvvvv9d
(GyvPvv(QhG !v9K)pv,G}fv}v9QGCAvtvO|v?yv%v~,pv%v(iv+vQfv9OdC*v]v9

k
.h*vtvZvO<v9yvAv(R*vhiv+vQ

Gyvgv9Odyvzv}vOLv;JG}LvQi(Lv;aGyvavgv9e)Gyvgv"v9*v?GyvZvJv+v?hR|v#Qfv9*v?G}e,pv9yvQfv9*v?
GyvvZvvJvv+vv?hGCgvv9@vv?\vvO|vvQVG Svv%vv9dhivv+vvQg|vv#G}|vvQGV,vvvzvv%vv9@vvzOyvvZvv9yvvKG}h:O
GyPv(Q|#OhfG !9Kh$PG|9hFOgGy=9ID(fG:FA}9f+(fp,Gy=9vTA9f(19).

EPGCR*vvvzvvvBGC(G!vvvhGyvvv(Gsvvvgvvv?C|vvv9eGyvvv"vvvTvvv9AGyvvvQ*vvvqvvv+vvv9Jh<vvvMvvv9Yvvv?GCRGQfvvv9J|vvv"vvv%vvv#,
hCfvvavv+vvByvv%vv#qGC"vvKhGyvvAvvTvv%vv+vv;JGCtvvO|vv?fvv9OIyvvzvvQFvv9d,pvv+vv}vvwvv"vv%vv#qGCTvv9Gvv?Gyvvqvvgqvv9yvv?pvv,
ERGyvv?hIvv(|vvWvvwvv;JfvvOe@vv(GpvvQGyvvjvvPGA.$vvPgGCWvvwvv;J@vv(GFvv&G6f|vv8vv9JGC;*vv_|vv#
Svvwvv9fGyvvOhdGyvv"vv9|vv+vv?.h6vvOaEvvwvv_Gyvv"vvTvv9AGyvvQ*vvqvv+vv9J|vv#GSvvAvvMvvOGevvv9|vv{_vv9svvAvv%vv#pvv,
EKvv9Oh;vvtvv+vvuG}|vv#GyvvjvvPGFvv,,Kvv>fvv̂GAvvwvv(|vv9JGyvv(_vv"vv+vv?hGC"vvdvv}vv9JGyvvOhy+?@vvavv=vv+vvu
S+9S?EQV9O*?f9|?ERGA$#q@A}D{<Ma(GJC;K:

!R*vv9OIGyvvavv9svv?GC9O*vv?yvvzvv"vvTvv9AGyvvQ*vvqvv+vv9JhQCSvv}vv9yvv%vv#Gyvv=vvWvvQj:EP*vv}vvwvv#GCJvv9pvvdvv?
fvvv̂OhQGyvvv"vvvTvvv9AGyvvvQ*vvvqvvv+vvv9Jvvvv}vvv"vvvAvvvGvvv9JyvvvzvvvjvvvPGA<vvvAvvvJvvvTvvv__vvvQbhYvvv(yvvv%vvv#E]GC(GQO
hGyvvAvvwvv"vv(yvv(Fvv+vv9h!vvdvv~GCgvvzvv(|vv9JG QVvv9O*vv?,h<vv9yvvAvv9[Kvv><vvPdG@vv%vv(OAvv}vv9*vv?hEvvwvv_
Gyv"vTv9AGyvQ*vqv+v9J|v#GAvtv(bGyvAvtvz+O*v?yv~QVfv=vQfv}vz+?@vTvGv+vzv%v9<vzSv}v9Fv%v#|v#Ohf
Evvv+vvv+vvvR,hEfvvvavvv9Fvvv%vvv#hCvvv9FvvvuGyvvvAvvv}vvvz+x,vvvv(ffvvv}vvvz+?GyvvvAvvvTvvvGvvv+vvv{$vvvPgGyvvv]vvv}vvv9fGyvvv(Ivvv+vvvO
hGy(G\Ky;VAQGc|hGC"Aqg_p,<QG|HG Y;MGyRQGf,.

!R*vvv9OIQivvv=vvv?hsvvvOQIGyvvv"vvvTvvv9AGyvvvQ*vvvqvvv+vvv9Jfvvv̂EKvvv9OGyvvvOLvvv{hPyvvvx<vvv]vvvQhQI@vvv"vvvdvvv+vvv~

(18)Quisumbing [et al.], «Women: The Key to Food Security».

(19)GCZOQ!qT&.
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hR*vv9OIG@vv%vv(OyvvQpvvhsvvOQIGyvv"vvTvv9AGyvvQ*vvqvv+vv9Jfvv̂EKvv9OGyvvOLvv{h|vvQGsvv=vv?YvvQpvv&,EPivv9yvv=vv9
k

|vv9
Evv"vvhGyvv"vvTvv9A|vv#G:VvvAvvQGcpvv,pvvQUGyvv(cvv9FvvrGyvvgvv9y+?GyvvOLvv{<vvTvv=vv>|vv(G!vvhG !vvAvv9LGC"vvR[
hGyvvvtvvv(G!vvv+#GyvvvTvvvzvvv(vvvv+vvv?ivvv+vvvQGyvvvQSvvv}vvv+vvv?,|vvvDvvv{Gyvvvgvvv9OGJhGyvvvAvvvtvvv9y+O.yvvvPyvvvx*vvvqvvv]vvv{@vvvgvvvWvvv+vvvu
G:SvAvQG@v+Gv+v9JGyvAv(cv+vqv+v?|vhE!vAv9Fv+v?Gyv"vTv9AGCAvRG*vOIpv,vv{|v#G !vAv9LGyvRQGfv,(Gyvgv}v{
GCOpvvvv(YG}FvvvvQCvvvvv9fpvvvv,GyvvvvRQGfvvvv?Chpvvvv,ivvvv+vvvvQ$vvvv9),hG !vvvvAvvvv9LGCJvvvv\(GC"vvvvR[),h<vvvvPyvvvvx
@vvTvvAvvavv+vvhGyvv"vvTvv9Ah<vvMvv9Yvv?GyvvQ*vvqvv+vv9J|vv"vv%vv#R*vv9OIOLvv(yvv%vv#|vv#OhfGyvvAvv]vvJvv+vv?<vvwvv{|vv#
GyR|#G \9p,hQf9*?C_q9y%#,Ch|#Ohf@O$(Qh\g%#qGyZJ,hGyAjPhj.

!>v9*v?Gyv(\vhGyvAvjvPhjhGyvZvJv,yvzv"vTv9AGyvQ*vqv+v9J:pvtvOPvvQSv9<vtv9
k

CfGyvZvJv?
G@vv+vvOIhGyvvAvvjvvP*vv?GC;Fvv}vv?|vv%vv}vv?FvvOG

k
yvvzvv}vvQCIGyvvQ*vvqvv+vv?pvv,=vv+vvh|vvQGIvv{GAvv+vv9I.h@vvQivv>

Gyv"vTv9Afv9|v?hGyvQ*vqv+v9J<vMv9Yv?<vJv}v9*v?h\vgv%v#qGyvZvJv,hGyvAvjvPhjy+wv#qsv9OQGJfv̂
E!vvvGvvv9RCOhGQ$vvv#qG !vvvAvvv9Fvvv+vvv?hG:SvvvAvvv}vvvQGQ6vvvPgG}OhGQ.yvvvPyvvvxKvvv>GyvvvAvvvQvvvv+vvvRpvvv,<vvvQG|vvvH
GyvvAvv"vv}vv+vv?GBvv9Yvv?6vv#qfvv̂R*vv9OIGyvvavv9svv9JGyvvwvv9|vv"vv?yvv%vv#q6vvOaR*vv9OIOLvv(yvv%vv#q,h@vvtvvz+[

GyR|#GB9U<"W9_97#qp,Gy(sB!qT&.

S9OS9
k

:Of~Gy"T9AGyQ*q+9JyAJt+u
GyA"}+?GyRQGf+?GCTAOG|?hGSAOG|?GyjPGA

@vvgvvAvv=vvQfvv}vvz+?Ofvv~Gyvv"vvTvv9A|vvqvvAvv9M;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?h<vv9yvvAvv9[G}|vv#
GyvjvPGFv,.pv,$vPGGyvqvtvQI!vQvvRfv̂G:SvAvQG@v+Gv+v9JGCMvAvzvqv?GyvAv,@vgv}v{fv̂Ofv~Gyv"vTv9A
<vvv(GSvvvavvv?@vvvtvvv(*vvv?svvv9fvvvOIG}Yvvv(dGyvvvtvvv9Fvvv}vvv?fvvv̂G}!vvv(GYGCMvvvAvvvzvvvqvvv?yvvvzvvvQCSvvv}vvv9d:GC9Oj,
Gyvav=v+vgv,,Gyv=vWvQj,G:FvAv}v9fv,,hGC9[,E\v9pv?E]@vtvO*v~h@v(pv+vQC_vQGyvgv}v{Gyvtv9!v(!v+?
hGC|ST+?y]}9f;w}%#q<9C(GQOGB9Y?6#q.

1vvvvvGyQCS}9dGya=+g,hGC9Oj
*vgvAv=vQGyvQCSv}v9dGyvav=v+vgv,(G}QV,GC+v9g,G}VvGv9Q,GAv+v(G!v9JhGC(GQOGyvav=v+vgv+v?

G}LvvvQi);hGyvvvQCSvvv}vvv9dGC9Oj(G}<vvv"vvv+vvv?,GC"vvv9Rd,Gyvvv=vvv"vvv+vvv?GyvvvAvvvJvvvAvvv+vvv?vvvv9yvvvavvvQsvvv9JhGyvvvavvv9svvv?
Gyvvwvv%vvQ<vv9Fvv+vv?hG@vvTvv(Q,hSvv9FvvbGyvv"vvtvv{hGyvvAvvtvv"vv+vv9JGCMvvAvvzvvqvv?),|vv#C$vv~CVvvwvv9dG}Yvv(d
GCzv}v(Sv?,CjGC9O*v?.h$v,@v|OjOhQG

k
CSv9Sv+v9

k
y+Upv,GsvAvZv9OGJG !vAv9L,hE!v}v9pv,

\vv}vv9fG}|vv#hChsvv9JG}R|vv9JGyvvZvvgvv=vv?.hEvvDvv{Ivvtvv(bG|vvAvv;cG}QVhGC"vv9Rdh!vvtvvzvv%vv9
<+#CpQGOGyg9Fz?<Ww{L9U,CG+?v=+QIhs(I\}#GCGA}h(20).

(20)Agnes R. Quisumbing and Ruth S. Meinzen-Dick, «Overview (Brief 1),» in: Agnes R.

Quisumbing and Ruth S. Meinzen-Dick, eds., Empowering Women to Achieve Food Security, 2020 Focus;

no. 6, (Washington, DC: International Food Policy Research Institute (IFPRI), 2001).
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m

|vAvTv9hm<v+#GyvQFv9dhGyv"vTv9AIvAv)pv,GAv9:J
GyvvAvv,@vvwvv(fpvv+vv%vv9Gyvv"vvTvv9A|vvTvv|h:Jfvv#E!vvAvv9LGyvvjvvPGA(vvv}vv9$vv(GAvv9dpvv,GyvvgvvO*vvO|vv#
GyvvOhdG}pvvQ*vvtvv+vv?),<vv9yvvQivv~|vv#Cf

q
G}QV@vvwvv(fFvvzvv(vvv?|vv#svv=vv{GyvvQFvv9dh*vvAvvJvvwvv}vv(f

6vvv9.h@vvvwvvvTvvv>Gyvvv"vvvTvvv9Afvvv9OIIvvvtvvv(svvv%vvv#q|vvv#Lvvv;dfvvv;svvv97vvv#q<vvv9yvvvQFvvv9d(G}H,GyvvvRhL,
G}N).h@vvAvv(svvrfvv}vvz+?GCJvv9pvvdvv?fvv̂$vvPgGAvvtvv(bhpvvtvv9

k
:SvvAvv}vvQGQGyvvgvv;svv?<vv+#GyvvQFvv9d

hGyvv"vvTvv9A.hpvv,GCJvvZvvzvv?@vvwvv(fE!vvAvv9Fvv+vv?Gyvv"vvTvv9A\vvgvv+vvqvv?hIvvOhOI!vvAvv+vvGvv?E]fvvOehFvv(O
GyvvtvvQGQpvv,C*vvO9vv#qhfvvOesvvOQ7vv#qfvv̂G:svvAvvQGV,<vvTvv=vv>fvvOesvvOQ7vv#qfvv̂GyvvAvvZvvQa
<vvJvvtvv(bG}QV.Ef

q
GfvvAvv}vv9OGyvv"vvTvv9Afvv̂GyvvQFvv9dpvv,GAvvZvv(dfvv̂Ivvtvv(svv%vv#qMvvqvv̂Ch

*vtvzv[h\vgv%v#qG}|v"v,<vTv=v>GIvAv}v9dpvtvOGfIvuGSvAvgv}v9dG}QVpv,Iv9yv?_v;sv%v#q

Chpvv,Ivv9:JGyvvAvvQ|vv{.h@vv=vvgvv9
k
yvvPyvvx@vvgvvAvv=vvQGSvvAvvQG@vv+Gvv+vv9JR*vv9OI;vvwvv~Gyvv"vvTvv9A<vv9}QV

|%}?yA}w+"%#qhOf}%#qp,f}z+?G<9PGytQGQGJ.

h<vvTvv=vv>IvvOhO*vv?Gyvv"vvTvv9Apvv,GyvvAvvJvvwvv~<vv9}QV,Lvv9hyvv#@vvgvv(*vv̂Pyvvx<vv9|vvAvv;c
G}Yvv(dGAvv+vv(G!vv+?PGJGyvvtvv+vv}vv?G:svvAvvZvv9O*vv?hGyvvDvvtvv9pvv+vv?,h@vv(pvv+vvQGIvvAvv+vv9Fvv9JGyvvgvv9Fvvzvv?|vv#
GC"vvvAvvvGvvv9JGAvvv+vvv(G!vvv+?hGyvvvgvvv"vvv9YvvvQGyvvvZvvvjvvvQi.h@vvvtvvv(Ofvvv}vvvz+?@vvv(SvvvhSvvv+vvvavvvQIGyvvv"vvvTvvv9Afvvv̂
GAvvv+vvv(G!vvv9JChG|vvvAvvv;vvvv%vvv9,E];vvvTvvv#Ch\vvv9YG}SvvvQIGyvvvjvvvPGFvvv+vvv?fvvv#_vvvQ*vvvuR*vvv9OIGyvvvOLvvv{
Gyvvv(GQO|vvv#$vvvPgGAvvv+vvv(G!vvv9J,E\vvv9pvvv?E]R*vvv9OIGC%vvv9QGJGyvvv"vvvTvvv9Fvvv+vvv?hCvvvtvvvAvvv%vvv#q<vvvz!vvvqvvvTvvv%vvv#q

h<W=w9JGyg}{G:FA}9f,.

2vvvvvGyQCS}9dGy=WQj
<vvvgvvvwvvvUQCSGC9dGyvvvavvv=vvv+vvvgvvv,hGC9Oj,$vvv"vvv9c;vvvTvvv+"9JOQG|vvv9@vvv+wvvv+vvv?pvvv,svvvOQGJ

GyvvQCSvv}vv9dGyvv=vvWvvQjGyvv"vvTvv9Fvv,pvv,Gyvvgvvtvv(OGyvvtvvz+zvv?GC9\vv+vv?.yvvtvvOGROGOJ@vv(svvgvv9JGAvv+vv9Ipvv,
Q<vvvhGyvvvtvvvQfGC9\vvv,<vvv"vvvTvvv=vvv?20pvvv,GC8vvv?CSvvvQYpvvv,Gyvvv"vvvTvvv9A|vvv"vvv%vvv9pvvv,GyvvvQFvvv9d,pvvv,Ivvv_
@vvv"vvv9svvvZvvvB|vvvgvvvO:JGyvvv(pvvv+vvv9JhCLvvvPJGyvvvqvvvGvvv(GJGyvvvAvvvgvvvz+}vvv+vvv?<vvv9:!vvvJvvvTvvv9Q(21).Ef

q
$vvvPg

GyvvAvv(cvv+vvqvv9JGyvvQCSvv}vv9y+?ChG:SvvAvvDvv}vv9QGJpvv,GyvvQCSvv}vv9dGyvv=vvWvvQjGyvv"vvTvv9Fvv,,|vv%vv}vv?vvv(f
Gyv"vTv9Ahvv+v;J|v#Fv%v?,h|vTvAvqv+vOGJ|v#Fv%v?Cv9!v+?yvgv}vz+?GyvAv"v}v+v?.EfG:SvAvDv}v9Qpv,
QCSvvv}vvv9yvvv%vvv#qGyvvv=vvvWvvvQj*vvvgvvvAvvv=vvvQ|vvv#CvvvvDvvvQC!vvv(GYG:SvvvAvvvDvvv}vvv9QGJQ<vvvJvvv9

k
vvvv(!vvv&*vvvR*vvvOGyvvvtvvvOQGJ

Gyvv"vvTvv9Fvv+vv?h*vv(Svvh|vv#pvvQU@vv(cvv+vvqvv%vv#qh*vv}vvwvv"vv%vv#q|vv#fvv}vvz+?GyvvAvv}vvQffvv̂GyvvqvvQUGCAvv9Ivv?
yv%v#q.$v"v9cVv(G$vOvvDv+vQIfv̂Cf

q
Gyv"vTv9Ahfv9Fv;7v#hCsvav9Q$v#hvv{Gyvgv9DSv(a*vTvAvqv+vO

|#cQha;T_GyjPGAhG}|#GyjPGF,.

h|vv#GCJvvAvv}vv{Cf@vvgvvAvv=vvQfvv}vvz+?@vvgvvz+~Gyvv"vvTvv9ACOGIGyvvTvv+vv9Svv?Gyvv(Ivv+vvOIhGC%vv}vv?GyvvAvv,@vvR*vvO

(21)GCZOQ!qT&.
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G !vAv9Fv+v?GyvRQGfv+v?h@vtvzv[GyvqvtvQ,vv}v9E8v9(fv}vz+?@vgvz+~Gyv"vTv9A)@vtv(OE]Lvqv̂GBvZv(<v?
h!T=?hp+9JG}_q9d,v}9;T#GyZJ?hGyAjP*?hGCMQF9JGyAgz+}+?y~_q9d.

3vvvvvGyQCS}9dG:FA}9f,hGC9[
Ef
q

Gyvgv}v{\v}v#GCGv}v(fv9J*vgvAv=vQEIvOiG6y+9JGyvQFv+vTv?yvzv=vQG|vHGBv9QFv+v?GyvAv,
@vvvTvvvAvvvavvv+vvvhGyvvv"vvvTvvv9A|vvv#Lvvv;yvvv%vvv9;vvvTvvv_Ch\vvv9fvvv%vvv#GyvvvPG@vvv+?.vvvv}vvv9@vvvgvvvAvvv=vvvQVvvv=vvvwvvv9JGyvvvgvvv}vvv{
GyvvAvvgvv9h!vv+?GyvvAvv,@vv"vvWvv8vv%vv9GCGvv}vv(fvv?|vv#G}Yvv(dGBvv9Yvv?6vv#q.h*vv}vvwvv#Cf*vvwvv(fGyvvQCSvv}vv9d
G:FvAv}v9fv,C*v]v9

k
CIvOG}Yv(dGCTv9fvOIfv̂fvOeGyvAvTv9hjChGyvAv(GRf<v+#G@v"vTv_Ch

IvvAqvv)<vv+#Gyvv"vvTvv9AGyvvzvv(GO@vvAvv(GpvvQyvv%vv#qGC"vv9pvvh!vvqvvTvv%vv9.h*vv}vvwvv#GyvvAvv}vv(*vv{GCJvvOhOCf*vvwvv(f
Gyv"v}v(PLG}pv]v{yvzv=vQG|vHGyvAv,@vgv}v{6v9Hv}v(fv9JGyvgv}v{Gyv"vTv9Fv+v?,vv}v9*v}vwv#<vQG|vH
GyvAv(pv+vQhGyvAv}v(*v{hGyvAvz|v_GBv9Yv?<v9yv"vTv9A,Cf;v{Iv{Hv}v(fv9JGyvgv}v{GyvAvgv9h!v+?fv"vO
GAZ(df^G}Y(dh<M9Y?G}QV|"%9,hPyx<Ww{i+Q|=9VQ.

4vvvvvGAt(bGyt9!(!+?
CLvv+vvQG

k
!vvtvv(dEf

q
E_vv9QGyvvgvv}vv{GC|SvvTvv,hGyvvtvv9!vv(P*vvtvvOeG}Svv9Syvvzvv"vvTvv9Ayvv;IvvAvvGvv9L

VvQfv+v9
k

hGCav9yv=v?<vGv}v+vh!v}v9PLG}Yv(dGyvAv,PvvQJB!vqv9
k

,pv9Avtv(bGyvtv9!v(!v+?h|v"v%v9Ivu
GyvvAvvZvv(*vvBpvv,Gyvv"vvdvv9eGyvvTvv+vv9Svv,*vvgvvAvv=vvQQCSvv}vv9dSvv+vv9Svv,yvv%vv#q!vvdvvQG

k
E]svvOQ@vv&fvv̂@vv(Svv+vvh

Ivvtvv(bGyvv"vvTvv9Apvv,G|vvAvv;cG}Yvv(d,pvvqvv,GyvvgvvO*vvO|vv#GyvvOhdhFvvOJIvv9yvv?GCTvv9hGI<vv+#
GyvvvQFvvv9dhGyvvv"vvvTvvv9Asvvv=vvv{hFvvv(OGyvvvtvvv(G!vvv+#hGyvvv"vvvdvvv~GyvvvAvvvWvvvQ*vvvgvvv+vvv?hG:@vvvqvvv9svvv9JGyvvvOhy+?.$vvvPg
G:@vvqvv9svv9J|vvDvv{G@vvqvv9svv+vv?GAvvO|vv#cvvzvv~Gyvv"vvTvv9AhGyvvAvvgvvZvv>\vvO$vv#qGyvvAvv,CsvvQqJpvv,GC|EvvQ
GyvOh[GyvQG<vhGyvPjfvtvOpv,<vwv_fv9e1995hGyvAv,C

o
fvtv=vB<vqvZv{Lv9U=vhGyvtv(G!v+#

Gyvgv9|v?GBv9Yv?<v9yv"vTv9A<vwv_+5(Beijing+5).yvtvOyvgv=vB$vPgG:@vqv9sv+v?OhQG
k

|v%v}v9
k
pv,

@vgvR*vRGAvtv(bGyvWvQfv+v?yvzv"vTv9Ahpv,|vTv9fvOIGC"vdv}v9Jiv+vQGAvwv(|v+v?hHv}v(fv9JGyvgv}v{
G}$z+?p,IDq%9Ohy%9hIw(|979Gy(_"+?G:$A}9e<9At(bGy"T9F+?.

LvvvAvvv9|vvv9
k
*vvv}vvvwvvv#Gyvvvtvvv(dEf

q
Ofvvv~Gyvvv"vvvTvvv9A|vvv#Lvvv;d;vvvwvvv}vvv%vvv#q<vvv}vvvOi|vvv#G}Yvvv(d

(Ivtv(bEvzvxvv{|v#:G}QV,GC+v9g,GAv+v(G!v9J,GyvAvwv"v(yv(Fv+v9,GyvAvgvz+~,GyvZvJv?,
GyvvAvvjvvP*vv?G@vv+vvOI,GyvvAvv}vv(*vv{GCJvvOhO,Vvv=vvwvv9JGyvv]vv}vv9f,@vvgvvO*vv{Gyvvtvv(G!vv+#hGyvvAvvWvvQ*vvgvv9J,
GyvQCSv}v9dG:FvAv}v9fv,)*vgvAv=vQ!vtvav?IvTv9Sv?h|v%v}v?yvAvJvtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,
h<9yA9[E]R*9OIQp9$+A%#qG:FA}9f+?hyAJT_I9y?G}F+9dGyt9O|?.

yvvvtvvvOfvvvQ\vvvBIvvvAqvvv)G6fGyvvvgvvv(G|vvv{G}Svvv9Svvv+vvv?Gyvvvqvvv9fvvvzvvv?pvvv,fvvv}vvvz+?;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?
GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,Gyvvgvv9C_Gyvv"vv9|vv,hGyvvgvvQNGyvvPj*vvAvvTvv~<vvTvv}vv9JLvv9Yvv?,h<vv&|vv#
Gyg(G|{GCT9fOIG}LQiyAJt+uGyg}z+?GCPv(QI,!J9hdPvQ$9p,GyqZ{GyA9[.
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|OLvvvvv{

LvAv{Gyvtvav9YGyvRQGfv,GyvgvQNOhQG
k
<v9QRG

k
|v"vPGyvtvOepv,GsvAvZv9OGJGyv(_v#GyvgvQN,

Ivv+vvESvv9GvvBGyvvRQGfvv?<vv+#25vvvvv30pvv,GC8vv?pvv,!vv9:vv&GCJvv\G =vv9[pvv,GyvvTvvAvv+"+vv9J
hGyvvTvv=vvgvv+"+vv9J,E:Cf$vvPgGCTvv9Gvv?@vvQGFvvgvvBpvv,GyvvDvv}vv9!vv+"vv+vv9JhGyvvAvvTvvgvv+"+vv9J}svv{|vv#

17,6pvv,GC8vv?,vvv}vv9@vvQGFvvhIvvGvv~Gyvvgvv}vv9yvv?GyvvRQGfvv+vv?|vv#E=vv9[svv(IGyvvgvv}vv{GyvvgvvQ<vv+?|vv#
60pvvv,GC8vvv?E]40pvvv,GC8vvv?pvvv,GyvvvqvvvAvvvQ@vvv+#GCPvvvv(Q@vvv+#,|vvv9G!vvvgvvvwvvvUSvvvzvvv=vvv9

k
pvvv,|vvvTvvv9Gvvv?

GyvRQGfv?pv,@vwv(*v#Gyv"v9@vHG =v9[GCJv\<v9CgvO:JGC"vWv(OI.E\v9pv?E]R*v9OI|vgvO:J
Gyvv=vvavv9yvv?!vvAvv+vvGvv?@vvRG*vvOGyvvTvvwvv9fGyvvwvv=vv+vvQ(109|vv;*vv_pvvQOfvv9e1965)h(298|vvz+(fpvvQO
f9e2003)(1).

yvvtvvO<vvzvvk!vvZvv+vv>GyvvqvvQO|vv#Gyvv"vv9@vvHGCJvv\GyvvRQGfvv,pvv,Gyvv(_vv#GyvvgvvQNfvv9e2003
svQG<v?277Oh:QG

k
h$v(<vPyvx*vqv(b!vdv+vQgfv̂GCTvAv(iGyvgv9C,<v"vJv(9pv,GC8v?pvtvb,

hfvvv̂|vvvTvvvAvvv(iGyvvvOhdGyvvv"vvv9|vvv+vvv?<vvv"vvvJvvv(103pvvv,GC8vvv?,E:C!qvvv&Csvvv{
q

|vvv#!vvvdvvv+vvvQgpvvv,GyvvvOhd
GCAvvvavvv(QI<vvv"vvvJvvv(47pvvv,GC8vvv?.$vvvPG,h*vvvAvvv=vvv9*vvv#!vvvZvvv+vvv>GyvvvqvvvQOGyvvvgvvvQN|vvv#Gyvvv"vvv9@vvvHGCJvvv\
GyvRQGfv,pv,Csv9y+~Gyv(_v#GyvgvQNGyvRQGfv,y+Zv{CsvZv9gpv,Esvz+~GCWvQbGyvgvQN(399
Oh:QG

k
)hCO!vvv9gpvvv,G svvvz+~G}hSvvvb(130Oh:QG

k
)vvvv}vvv9$vvv(|vvv(\vvvKpvvv,G@vvvOhdQsvvv~

(13vvvvv1).|v#Fv%v?CLvQi,<vzvk|vAv(Svb!vZv+v>GyvqvQOGyvgvQN|v#Gyv"v9@vHGCJv\G =v9[
pvvv,Gyvvvgvvv9eGCPvvvv(Q2474Oh:QG

k
.h*vvvQ@vvvqvvvh$vvvPGGCtvvvOGQpvvv,Esvvvz+~GBvvvz+HGyvvvgvvvQN<vvv"vvvJvvv(

548pvvv,GC8vvv?fvvv#GCAvvv(SvvvbGyvvvgvvv9eyvvvzvvv(_vvv#GyvvvgvvvQN,pvvv,Ivvv_*vvv"vvvMvvvqvvv̂GCAvvv(SvvvbGyvvvgvvvQN
<vv"vvJvv(45pvv,GC8vv?fvv#|vvAvv(SvvbGyvvqvvQOpvv,Gyvvgvv9D(5060Oh:QG

k
)vvv}vv9E!qvv&*vv}vvDvv{1/11

|#|A(SbOL{GyqQOp,GyOhdGCAa(QI(G!dQG@OhdQs~(13vvvvv1))(2).

h*vvgvvAvv=vvQ@vv(GpvvQGyvvjvvPGAyvv%vvPGGyvvwvv~Gyvvwvv=vv+vvQ|vv#GyvvTvvwvv9fpvv,Gyvv(_vv#GyvvgvvQNpvv,GyvvQ<vvh

(1)G!vvdvvQ:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,GyvwvAv9HGyvTv"v(jyv5IvZv9AGJGyvRQGfv+v?GyvgvQ<v+?:GCGvzvO23
(GBQ_(e:GC"d}?,2003).

(2)G!dQC*]9
k

:GCZOQ!qT&.
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G}hd|vvv#GyvvvtvvvQfGyvvv(GIvvvOhGyvvvgvvvWvvvQ*vvv#|vvv#C$vvv~GCWvvv9vvvv{GyvvvQFvvv+vvvTvvv?GyvvvAvvv,@vvv(GFvvv&GCMvvvavvvb
GyvvvgvvvQN.yvvvtvvvOhYvvv{IvvvGvvv~GyvvvAvvvQGvvvv~yvvvzvvvqvvvGvvv(IGyvvvjvvvPGFvvv+vvv?<vvv+#ChGFvvv{GyvvvDvvv}vvv9!vvv+"vvv+vvv9JhChGFvvv{
GyvAvTvgv+"+v9JE]|v9*vtv9QHGyvvvvv150|vz+9QOh:Q,h@v]v9fvqvB$vPgGyvtv+v}v?pv,<vOG*v?GyvtvQf
Gyvv(GIvvOhGyvvgvvWvvQ*vv#<vvJvv+vvE|vvDqvvzvvBCvvvDvvQ|vv#!vvZvvrGyvv"vv9@vvHGCJvv\G =vv9[yvvzvv(_vv#GyvvgvvQN,
vvvv}vvv9Ef|vvvgvvvOdG:vvvvAvvvqvvv9AGyvvvPGOGyvvvjvvvPGFvvv,D*vvvROfvvv#50pvvv,GC8vvv?,G}|vvvQGyvvvPj*vvvgvvvwvvvU
GfvvAvv}vv9OGyvv(_vv#GyvvgvvQNGCAvvRG*vvOfvv̂GSvvAvv+vvQGOGC"vvAvvGvv9JGyvvjvvPGFvv+vv?|vv#GBvv9QLh|vv9*vvAvv=vvhPyvvx
|#@=g9JiPGF+?hGsAZ9O*?hS+9S+?(3).

G@OhdQs~(13vvvvv1)
!Z+>GyqQO|#Gy"9@HGCJ\GyRQGf,hG =9[p,Gy(_#GygQNf9e2003

(Oh:Q/GyT"?)
G}s9y+~Gy"9@HGCJ\GyRQGf,Gy"9@HGCJ\G =9[

GCWQbGygQN3792712

GCjQHGygQN2091877

GBz+HGygQN24113572

G sz+~G}hSb114752

Gy(_#GygQN2772474

GyOhdGy"9|+?1361180

GyOhdGCAtO|?52226123

Gyg9D2545060

GCZvvOQ:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,@vvtvvQ*vvQCh\vv9YG}|vv#GyvvjvvPGFvv,GyvvgvvQNyvvgvv9e2003(GBvvQ_vv(e:
GC"d}?,2003).

*vv]vv9aE]PyvvxGCWvvwvv;JGyvv=vv+vv8vv+vv?GyvvAvv,@vv(GFvv%vv%vv9svvavv9fvv9JRQGfvv+vv?fvvQ<vv+?vvvDvv+vvQI,
vvvAvvZvvJvvQFvvRAvvv=vv+vvQ|vv#G}QG\vv,GyvvRQGfvv+vv?hLvvQhFvv%vv9|vv#Gyvvgvv}vvz+?G !vvAvv9Fvv+vv?(ivvQb,
EvzvK,G!vGvQGa);hRhGdGyvjvav9AGyv"v=v9Opv,Gyv=v9O*v?hGCQGfv,hGyvjv9<v9J;hvvPyvxpvtvOGf
GyvvAvv"vv(YGAvv+vv(jGyvv"vv=vv9OhGAvv+vv(GP;E\vv9pvv?E]Gyvv]vvjvvbGC9Fvv,GyvvPj@vvAvvgvvQVyvv&GyvvgvvO*vvO|vv#
GyOhdGygQ<+?.

(3)GCZvOQ!vqvTv&,hfv}v9OVv%v9H,GyvOhQGCAv(svhyvzv}vZv9QahGC|SvTv9JGC9y+?pv,Ev(*v{GyvAv"v}v+v?GyvRQGfv+v?
p,Gy(_#GygQN(GBQ_(e:GC"d}?GygQ<+?yzA"}+?GyRQGf+?,1995).
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pvvvv,Gyvvvv(Gsvvvvh:<vvvvOyvvvv%vvvvPGGyvvvv(\vvvvhGC|Dyvvvvzvvvvtvvvvavvvv9YGyvvvvRQGfvvvv,GyvvvvgvvvvQN|vvvv#GyvvvvAvvvvJvvvvz+{
hGyvvAvv}vvJvv+vv[h|vvgvvQpvv?CSvv=vv9HfvvOe|vvTvv9*vvQ@vv&GyvvAvvavv(QGyvvwvv=vv+vvQGAvv9Yvv{pvv,GyvvOhdGCAvvavv(QI
hVvvvvv=vvvvv&GCAvvvvvavvvvv(QI,vvvvvv9yvvvvvZvvvvv_hGyvvvvv%vvvvv"vvvvvOhE!vvvvvOh!vvvvv+Tvvvvv+vvvvv9,hEfvvvvvv9!vvvvvBG}Svvvvv=vvvvv9H|vvvvvgvvvvvQhpvvvvv?
yvv;LvvAvvZvv9Yvv+vv_hGCAvv}vvDvvzvv?<vvgvvOe@vv(GpvvQG:SvvAvvDvv}vv9QGJGyvv;R|vv?yvvzvv"vv%vv(V6vvPGGyvvtvvavv9Y|vv#
Lv;dCv(QIRQGfv+v?fvzv}v+v?Ivtv+vtv+v?h@vgv9hffvQNpvgv\pv,$vPGGCGv9d,vv}v9@vqvgv{GyvOhd
G}hQh<+?hI(QBS+9hi+Q$~.

pv,$vPgGyvqvZv{!vJv9hdEyvtv9AGyv]v(Afv̂Gyvgv(G|v{GyvgvQ<v+?G \v9pv+v?GCTv9fpvOIfv̂
;vvvtvvv+vvvuGyvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?GCTvvvAvvvOG|vvv?(E\vvv9pvvv?C9hQOpvvv,GyvvvqvvvZvvv(dGyvvvTvvv9<vvvtvvv?)pvvv,Gyvvvtvvvavvv9Y
GyvvRQGfvv,GyvvgvvQN,h!vvJvvzvvzvv%vv9E\vv9pvv?E]fvvQVhG\vvKyvvzvv}vv(GQOGyvvAvv}vv(*vvz+?hG:SvvAvvDvv}vv9QGJ
pv,Gyvtvav9YGyvRQGfv,GyvgvQN,|vhfvQVGAvzv(dGC}vwv#G@v=v9fv%v9yvz

q
vJv9b<v9yvOhdGCAvav(QI

h!J#p,<OG*?GytQfGy(GIOhGygWQ*#.

Ch:
k

:Gy(\hGA9[yzta9YGyRQGf,GygQN
@vvtvv(eGC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?<vvAvvJvvz+{|vvTvvAvv}vvQ}h\vv9YGyvvRQGfvv?hGyvvAvv"vv}vv+vv?

GyvvRQGfvv+vv?pvv,=vv+vvhG}svvavv9QGyvvgvvQ<vv+?|vv"vvPCvv;Cvv?fvvtvv(O|vv#GyvvR|vv#,h$vv,<vv9yvvAvv9[h\vvgvvB
Gyvvv"vvvtvvv9Wfvvv̂GAvvvQhayvvv(Gsvvvh$vvvPGGyvvvtvvvavvv9YGyvvvRQGfvvv,h<vvvMvvv9Yvvv?pvvv,@vvvtvvv9Q*vvvQ$vvv9G}Lvvv+vvvQI
(2000vvvvv2004)GyvvAvv,CVvv9QJ<vvzfGyvvOhdGyvvgvvQ<vv+?HvvAvv}vvgvv?EvvzvvxQYvv+vvOG

k
$vv9Fvv;

k
|vv#

GC(GQOGyvvvRQGfvvv+vvv?G}Q\vvv+vvv?hGC9Fvvv+vvv?hGyvvv=vvvWvvvQ*vvv?hGC9y+?,*vvv}vvvwvvv"vvv%vvv9<vvv&Cf@vvv|OjE]_vvvqvvvQI
E!vvAvv9Fvv+vv?$vv9Fvvzvv?,Evvwvv"vv%vv9|vv#;vvtvv+vvuG}|vv#GyvvjvvPGFvv,EPG@vv~G:$vvAvv}vv9eGC"vv9Svv><vv9yvvAvv"vv}vv+vv?
GyvvRQGfvv+vv?,hEPG|vv9LvvZvvZvvBG:SvvAvvDvv}vv9QGJGyvvwvv9pvv+vv?yvvAvvavv(*vvQ$vv9hpvvuG}SvvUGyvvgvvzvv}vv+vv?
hGyAt"+?GyZJ+J?hGC;F}?,VQ*a?Cf*"dQEy+%9|#|"d9Qs(|,.

hGyvvv(GsvvvhC!vvv"vvv9fvvvQ\vvv"vvv9yvvv(Gsvvvh$vvvPGGyvvvtvvvavvv9Ypvvv,GyvvvqvvvZvvvz+#GyvvvDvvv9yvvvEhGyvvvQG<vvvh<vvvWvvvwvvv{
JvAvZvQ,E:C!v"v9:!vTvAvav+vhEOQGchGsvh$vPGGyvtvav9Y<vWvwv{YvJv+vKE:<vgvO|vtv9Q!vAv&|vh
<vvgvv̂Gyvvtvvavv9fvv9JGyvvRQGfvv+vv?yvvzvvOhdGCAvvavv(QIhGyvv"vv9|vv+vv?GyvvAvv,fvv9YvvQJGyvvDvv(QGJGyvvgvvzvv}vv+vv?
GyvvRQGfvv+vv?GyvvDvv;KGyvvAvv,IvvOCvvBpvv,GyvvtvvQfGC9\vv,,h|vvgvvQpvv?Gyvvgvv(G|vv{Gyvvqvv9fvvzvv?hGCTvv9fvvOI
p,@a(*QGyta9f9JGyRQGf+?p+%9.

GyvvvWvvvwvvv{Qsvvv~(13vvvvv1)*vvvgvvvQVyvvv%vvvPgGyvvvgvvv(G|vvv{GCAvvv}vvvDvvvzvvv?<vvvwvvv{|vvv#GC(GQOGC9y+?
hGC9Fvvv+vvv?hG}Q\vvv+vvv?hGyvvv=vvvWvvvQ*vvv?hGyvvvAvvvtvvv9!vvv9JGyvvvRQGfvvv+vvv?hGyvvvTvvv+vvv9Svvv9JGyvvvRQGfvvv+vvv?hGyvvv=vvvJvvv(K
GyRQGf+?hGCT9fOGJGyjPGF+?hG@(G!>Gy=+8+?.

|vvv#Fvvv%vvv?CLvvvQi*vvvgvvvavvv,G@vvvOh:fQsvvv}vvv9(13vvvvv2h13vvvvv3)Yvvv(QIyvvv(Gsvvvh
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GC(GQOGyv=vWvQ*v?hG}Q\v+v?hGC9Fv+v?hGyvAvtv9!v9JGyvRQGfv+v?GCTvAvMvO|v?pv,G !vAv9LGyvRQGfv,
(G@vvvQqGQGJhGAvvvZvvv9OGJhG}Svvv}vvvOI),E\vvv9pvvv?E]IvvvGvvv~G !vvvAvvv9LGyvvvjvvvPGFvvv,(GAvvv=vvv(H
hGBvv]vv9QhGyvvqvv(Gvvv&hGyvvzvvJvv(ehGyvv=vv+vv̂hGAvvz+>)pvv,vvv{|vv#Gyvv(_vv#GyvvgvvQNh!vv}vv9PL
|vvv#GyvvvOhdGCAvvvavvv(QI(vvvv9yvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?hGy+9<vvv9f),h!vvvZvvvrGCAvvvavvv(QI
(vvv9yvvZvv_hE!vvOh!vv+Tvv+vv9),hGyvv"vv9|vv+vv?(vvv9yvv%vv"vvO)6vvOaGCtvv9Q!vv?,fvvzvv}vv9

k
<vvzf=vv+vvhGyvvOhd

GCAvvvavvv(QIyvvvO9vvv9pvvv9Fvvv̂vvvv=vvv+vvvQpvvv,G !vvvAvvv9LGyvvvRQGfvvv,hGyvvvjvvvPGFvvv,,hCfGyvvvOhd!vvvZvvvr
GCAvav(QIhGyv"v9|v+v?Ivtvtv?}|v"v%v9GyvjvPGFv,,E\v9pv?E]vv(fGyv(:*v9JGCAvJvOIG}|vQ*vwv+v?
|vvvvZvvvvOQ@vvvvjvvvvP*vvvv?GyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?G}vvvvvDvvvvQpvvvvtvvvvQG

k
\vvvv}vvvv#<vvvvQ!vvvv9|vvvvHGCTvvvv9fvvvvOGJGyvvvvjvvvvPGFvvvv+vvvv?

G}|Q*w,.

GyWw{Qs~(13vvvvv1)
Gyg(G|{Gyq9fz?p,Gyta9YGyRQGf,GygQN
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G@OhdQs~(13vvvvv2)
GyTw9fhGyg}9y?hG}QG\,GyRQGf+?hGyg;s?p,|9<+"%~

p,GyOhdGygQ<+?<9Ct9Q!?|h<g^GyOhdGCAa(QIhGy"9|+?f9e2003

GytaQGCG}(Y
Gyw\
(|z+(f)

GyTw9f

GyQ*q+(f
(|z+(f)

Gyt(I
Gyg9|z?

(|z+(f)

Gyt(IGyg9|z?
GyRQGf+?
(1000)

GyQsg?

GCRQhf?
(e$vvvv)

GyQsg?GCQh*?
(1000$vvvv)

!T=?G}QG\,
yzTw9f

($vvvv/pQO)

G@RGFQ
|ZQ

y+=+9
|(Q*A9!+9
GCjQH

GyZ(|9d
GyT(OGf
@(!U
GygQGb

G}QOf
y="9f
GyTg(O*?
S(Q*9
Gy+}#
Gyw(*B
f}9f

saQ

G |9QGJ

Gy=JQ*#
F+=(O

38,0

66,6

5,5

2,9

29,6

11,3

32,7

9,8

25,4

5,3

4,9

22,3

17,1

19,5

2,3

2,5

0,6

3,5

0,7

0,6

12,2

38,4

0,7

1,1

12,8

4,9

21,3

3,6

7,8

1,1

0,2

2,0

8,5

14,3

0,02

0,64

0,20

0,27

0,06

0,30

6,80

19,8

1,57

0,67

9,48

4,53

12,91

3,85

5,87

1,07

1,70

7,27

4,82

4,17

1,32

0,54

0,31

1,33

0,30

vvvvv

2100

4808

261

439

4212

3000

7655

600

1042

74

66

572

1462

1430

18

66

5

69

9

vvvvv

8,17

3,33

2,64

0,28

9,27

1,62

16,78

5,88

6,01

0,40

0,25

5,12

5,45

1,66

vvvvv

0,06

0,03

0,24

vvvvv

vvvvv

512

3,1

258

27

1067

1095

1029

346

2001

98

151

1131

1266

541

7

74

9

244

4

vvvvv

0,26

0,05

0,50

0,11

0,32

0,15

0,53

0,53

0,24

0,08

0,06

0,23

0,33

0,09

vvvvv

0,03

0,05

0,07

0,01

vvvvv

pzTa_3,41,000,48350,18210,06

Gy(_#GygQN297,8131,788,352777266,69121000,23

Gy%"O

GyZ_

Gy(:*9JGCAJOI

Gy+9<9f

E!Oh!+T+9

1065

1311

294

127

220

763

802

58

44

119

469

786

88

68

108

273

510

2,8

2,3

50

181

554

414

5

45

57

55

22

2,6

5

0,17

0,42

1,41

0,04

0,20

Gyg9D63013259308113401476255,400,23

GCZvOQGf:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,GyvwvAv9HGyvTv"v(jyv5IvZv9AGJGyvRQGfv+v?GyvgvQ<v+?:GCGvzvO23
(GBvvQ_vv(e:GC"vvdvv}vv?,2003),hFood and Agriculture Organization (FAO), Production Yearbook, vol. 58

(Rome: FAO, 1991).
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yvvvtvvvOh\vvvJqvvv"vvv9pvvv,GyvvvqvvvZvvv{GBvvv9|vvvUhvvvvPyvvvxpvvv,G@vvvOhdQsvvv~(13vvvvv1)<vvvzf
q

Svvvwvvv9fGCGvvvAvvv}vvvhGyvvvgvvvQNsvvvO<vvvzvvvjvvv(GsvvvQG<vvv?298|vvvz+(fpvvvQOpvvv,<vvvOG*vvv?GyvvvtvvvQfGyvvv(GIvvvO
hGyvvgvvWvvQ*vv#.hEvvDvv{$vvPgGyvvtvv+vv}vv?4,7pvv,GC8vv?|vv#Svvwvv9fGCGvvAvv}vvhGyvvOh[yvvzvvqvvAvvQI!vvqvvTvv%vv9
Gyvv=vv9yvvk6,3|vvz+9QpvvQO.h@vvgvvAvv=vvQ$vvPgGyvv"vvTvv=vv?svvz+zvv?!vvTvv=vv+vv9

k
<vv9Ctvv9Q!vv?|vvh|vvTvv9IvvAvv&G =vv9y+?

Gyvvv=vvv9yvvvjvvv?1402|vvvz+(f$vvvwvvvAvvv9Q(10pvvv,GC8vvv?|vvv#|vvvTvvv9Ivvv?GyvvvwvvvQIG}Q\vvv+vvv?).h*vvvgvvv9Od
Svwv9fGyv(_v#GyvgvQNGC(GQOGyv=vWvQ*v?yvzv(:*v9JG}|vQ*vwv+v?@vtvQ*v=v9

k
h1/4vvvvv1/5Svwv9f

GyvvvZvvv_hCvvvzvvvESvvvwvvv9fGyvvv%vvv"vvvO,hCvvvvDvvvQ|vvv#\vvvgvvvrSvvvwvvv9fGy+9<vvv9f,h*vvvR*vvvOfvvv̂Svvvwvvv9f
E!vvvOh!vvv+Tvvv+vvv927pvvv,GC8vvv?.yvvvtvvvOGSvvvAvvvavvv9fvvvB$vvvPgGyvvvOhd@vvvavvv(*vvvQsvvvavvv9fvvv97vvv9GyvvvRQGfvvv+vvv?pvvv,
Gyvvgvvtvv(OGC9\vv+vv?,hGSvvAvvavv9fvvB@vvz|vv_GyvvjvvPGAyvvWvvgvv(6vv9PG@vv+9

k
Qivv~YvvjvvQ|vvTvv9Ivv?CQG\vv+vv%vv9

G =vvv9y+?<vvv9Ctvvv9Q!vvv?|vvvh|vvvTvvv9Ivvv?Gyvvv(_vvv#GyvvvgvvvQNGyvvvPj@vvvqvvv(b|vvv(GQOgG}Q\vvv+vvv?|vvv(GQO
Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?<vvvvv50pv,GC8v?hGyvZv_<vvv40pv,GC8v?hGyv%v"vO<vvv327pv,
GC8vvvv?h$vvvv,(GC(GQOG}Q\vvvv+vvvv?GyvvvvgvvvvQ<vvvv+?)@vvvvgvvvv9Od7,4h37\vvvvgvvvvqvvvv9

k
|vvvvTvvvv9Ivvvv?vvvvv{|vvvv#

E!Oh!+T+9hGy+9<9ff^GyA(G[(G!dQG@OhdQs~(12vvvvv2))(4).

C|v9GyvQsvgv?GCRQhfv?pv,Gyvtvav9YGyvRQGfv,GyvgvQNpvAvgv9Od37pv,GC8v?,41pv,GC8v?
h82pvvv,GC8vvv?|vvv#GyvvvQsvvvgvvv9JGyvvvRQGfvvv+vvv?yvvvwvvv{|vvv#Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?hGyvvv%vvv"vvvO
hGyvvvZvvv_fvvv̂GyvvvAvvv(G[,E:C8vvv9@vvvgvvv9Od2,3h17,2\vvvgvvvrGyvvvQsvvvgvvv?GyvvvRQGfvvv+vvv?yvvvwvvv{|vvv#
E!vvvvOh!vvvv+Tvvvv+vvvv9hGy+9<vvvv9fC*vvvv]vvvv9

k
.h<vvvv9yvvvvAvvvv9[|vvvv9*vvvvgvvvv(OE]GyvvvvqvvvvQOGyvvvvgvvvvQN|vvvv#GyvvvvQsvvvvgvvvv?GCRQhfvvvv?

(0,23$vvvvvv)Cfvv̂<vvwvvDvv+vvQ|vv#|vvDvv+vv;@vv&pvv,GyvvOhdG}LvvQi(Gy+9<vv9f0,04$vvvvvv,E!vvOh!vv+Tvv+vv9
0,20$vvvvvhGyv%v"vO0,17$vvvvv)E:C!v&Csv{|v#Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?<vwvDv+vQ(1,41$vvvvv)

h*t9QHGCgOdGyg9C,(0,26$vvvv),(G@OhdQs~(13vvvvv3))(5).

|vv#Fvv%vv?CLvvQi,*vvgvv}vv{pvv,GyvvRQGfvv?GyvvgvvQ<vv+?svvQG<vv?36,3pvv,GC8vv?|vv#=vvzvv?svv(I
Gyvvvgvvv}vvv{G =vvv9y+?GyvvvgvvvQ<vvv+?Gyvvv=vvv9yvvvjvvv?88,25|vvvz+(fpvvvQOfvvv9e2003.pvvv,Ivvv_*vvvgvvv}vvv{pvvv,
GyvvvRQGfvvv?G}|vvvQ*vvvwvvv+vvv?hGy+9<vvv9!vvv+?1,8pvvv,GC8vvv?h3,4pvvv,GC8vvv?fvvv̂GyvvvAvvv(G[,h@vvvQ@vvvqvvvh$vvvPg
Gyvv"vvTvv>E]46,2pvv,GC8vv?,59pvv,GC8vv?h64,9pvv,GC8vv?pvv,vvv{|vv#E!vvOh!vv+Tvv+vv9hGyvv%vv"vvO
hGyZ_f^GyA(G[,yAq(b<PyxGy"T=?GygQ<+?(6).

@v(\vKG}Qsv9ehGyv"vTv>GyvTv9<vtv?\vgvrGSvAvMvOGehGSvAvjv;dGC(GQOGyv=vWvQ*v?vvtv(I
fv}v9yv?,hGC(GQOG}Q\v+v?pv,GyvAv"v}v+v?GyvRQGfv+v?h<v9yvAv9[pv,;vtv+vuG}|v#GyvjvPGFv,<vgvwvU

(4)Food and Agriculture Organization (FAO), Production Yearbook, vol. 58 (Rome: FAO, 1991).

(5)GCZOQ!qT&.
(6)GCZOQ!qT&.
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GAvvv9dpvvv,GyvvvOhdVvvv=vvv&GCAvvvavvv(QIvvvv9yvvvZvvv_hE!vvvOh!vvv+Tvvv+vvv9hGyvvv%vvv"vvvOGyvvvAvvv,_vvv(QJRQGfvvvAvvv%vvv9;
pv{!vOh!v+Tv+v9|vDv;

k
GyvAv,@vgv9OdQsvgvAv%v9GCRQhfv?43pv,GC8v?|v#GyvQsvgv?GCRQhfv?pv,Gyv(_v#

GyvvgvvQNIvvtvvtvv?}|vv"vv%vv9GyvvjvvPGFvv,,Qivv~CfSvvwvv98vv9:*vv"vvtvvZvv(fvvvDvv+vvQG
k

fvv#Svvwvv9fGyvv(_vv#
GyvgvQN(23pv,GC8v?)vv}v9EfGy+9<v9f@v"vAvH|v#?vTv?|v;*v_$vwvAv9Qpvtvb|v9*vwvqv,Svwv98v9
Gyvvvv125|z+(fpQO|#GC"AG9JGyRQGf+?hGyjPGF+?.

G@OhdQs~(13vvvvv3)
|t9Q!?y=g^Gyg(G|{Gyq9fz?p,Gyta9YGygQN|hOhd|Aa(QIh!9|+?

GC|VQGJGy(_#
GygQN

Gy(:*9J
GCAJOI

Gy+9<9fGy%"OGyZ_E!Oh!+T+9

H}(YGyTw9f(|z+(f)

GyTw9fGyQ*q+(f(|z+(f)

GyTw9fGyRQGf+(f(|z+(f)

Gyt(IGyg9|z?(|z+(f)

Gyt(IGyg9|z?GyRQGf+?(|z+(f)

!T=?Gyt(IGyg9|z?GyRQGf+?|#G =9y+?

297

132

vvvvv

88

32

36,3

294

58

6

150

2,8

1,7

127

44

4

68

2,3

3,4

1065

763

556

469

273

59,0

1311

802

851

786

510

64,9

220

119

92

108

50

46,3

GyQsg?G =9y+?(|z+(f$vvvv)

GyQsg?GCRQhf?(|z+(f)

GyQsg?GCQh*?(|z+(f)

1406

51

12

915

41

22

38

5

3

328

181

57

960

554

55

190

45

5

|T9I?GA=(H(|z+(f)

E!A9LGA=(H(|z+(f_#)

G !A9F+?(vk/$vvvv)

26,7

46,2

1638

58

348

5186

2

11

5902

98

232

2146

78

377

4832

15

63

3977

|T9I?GyOQ!+9J(|z+(f$vvvv)

!A9LGyOQ!+9J(|z+(f_#)

|gOdG !A9L(vk/$vvvv)

0,4

8,3

19609

0,5

22

37892

0,2

5

27002

1,7

31

16917

10

173

16566

1,5

22

11806

|T9I?Gy=t(y+9J(|z+(f$vvvv)

E!A9LGy=t(y+9J(|z+(f_#)

|gOdG !A9L(vk/$vvvv)

1,4

1,5

1066

0,8

1,4

1734

0,05

0,08

vvvvv

21

12

602

3,4

5,2

1579

0,3

0,3

1,790

E!A9LGB]9Q(|z+(f_#)

E!A9LGyq(Gv&(|z+(f_#)

E!A9LGyzJ(e(|z+(f_#)

E!A9LGAz+>(|z+(f_#)

E!A9LGy=+^(|z+(f_#)

41

28

7

21

1,3

37

29

39

77

5,1

12

4

3

8

2,5

82

46

6

87

2,2

411

26

71

18

26

6

7

2

0,8

1

*A=vvvvvvvvvvvvvvvvh
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@9<vvvvvvvvvvvvvvvvvh

G@QGQGJ(<9}yr)

GAZ9OGJ(<9}yr)

GSA%;cG}S}OI(vk/$vvvv)

505

37

52

4800

662

255

2028

1042

407

1525

4,2

73

926

197

264

94

330

vvvvv

GSA%;cG}S}OI(|z+(f_#)vvvvv191,316,139,62,9

|;Id?:G !A9F+?ED{|"AZrGygtOG}L+Q|#GytQfGC9\,.
GCZvv9OQ:GCZvvOQGf!vvqvvTvv%vv}vv9,hYvv;MhRGf,@vv"vv}vv+vv?GyvvRQGfvv?GyvvgvvQ<vv+?:Gyvv(GsvvhhGC}vvwvv#(<vv+QhJ:|vvQvvvR

OQGS9JGy(IOIGygQ<+?,1998).

h<v+"v}v9MvZv[Gyv(_v#GyvgvQN52,2pv,GC8v?|v#QsvgvAv&GCRQhfv? !vAv9LGAv=v(H
(27|vvz+(f$vvwvvAvv9Q),<vvZvv[Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?14pvv,GC8vv?pvvtvvb,<vv+"vv}vv9
@vvQ@vvqvvh$vvPgGyvv"vvTvv=vv?pvv,Gyvv%vv"vvOhE!vvOh!vv+Tvv+vv9hGy+9<vv9fE]54pvv,GC8vv?,33pvv,GC8vv?,40
pvv,GC8vv?fvv̂GyvvAvv(G[.h*vvOdGQ@vvqvv9Y|vvTvv9Ivv9JGAvv=vv(Hpvv,GyvvOhdGCPvvv(QIfvv̂@vv(pvv+vvQ
h\vv}vv9fG}|vv#GyvvjvvPGFvv,pvv+vv%vv9,<vv9yvvQivv~|vv#CfE!vvAvv9Fvv+vv?hIvvOIGCTvv9Ivv?pvv+vv%vv9@vvR*vvOvvvDvv+vvQG

k

fv#E!vAv9Fv+v?|vDv+vzvAv%v9pv,Gyv(_v#GyvgvQNGyvAv,@vZv{E]27,7pv,GC8v?,31,5pv,GC8v?,
33,9pvv,GC8vv?,41,2pvv,GC8vv?h76,3pvv,GC8vv?|vv#E!vvAvv9Fvv+vv?hIvvOGJGCTvv9Ivv?yvvwvv{

|vvv#Gy+9<vvv9fhGyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?hGyvvvZvvv_hE!vvvOh!vvv+Tvvv+vvv9hGyvvv%vvv"vvvOfvvv̂GyvvvAvvv(G[.
h*vv"vvavv=vvu$vvPGG::vv9gyvvzvv}vvtvv9Q!vv?pvv,G !vvAvv9Fvv+vv?fvv̂E!vvAvv9Fvv+vv9J<vvtvv+vv?GCJvv9Yvv+vv{G}LvvQi
G@OhdQs~(13vvvvv3).

h@vvOd$vvPgG !vvAvv9Fvv+vv?GC"vvMvvqvv]vv?pvv,Gyvv(_vv#GyvvgvvQNfvv̂fvvOesvvOQIGyvvtvvavv9YGyvvRQGfvv,
pvv+vv&hGCWvvQpvv_fvvz+&|vv#G:SvvAvvqvv9OIGCDvv̂|vv#GyvvDvv(Q@vv+#GyvvRQGfvv+vvAvv_G}h]hGyvvDvv9!vv+?,hPyvvx
yvvgvvOe@vv(cvv+vvrG:SvvAvvDvv}vv9QGJGyvvwvv9pvv+vv?pvv,vvv{|vv#Gyvv=vvJvv(KGyvvRQGfvv+vv?hpvv,@vv(pvv+vvQGyvvAvvtvv9!vv9J
GyRQGf+?hG OGQIGCRQf+?GyTz+}?,v}9S+QO|g"9p,GyZqJ9JGyA9y+?.

vvvPyvvxEvvwvv"vvBGyvvOhdGyvvwvvDvv+vvqvv?GyvvTvvwvv9fvvv9yvvZvv_hGyvv%vv"vvO(21,4pvv,GC8vv?,16,3
pvv,GC8vv?|vv#Svvwvv9fGyvvgvv9Dfvv̂GyvvAvv(G[)|vv#@vv~|vvWvvwvvzvv?GyvvAvv]vvMvv~pvv+vv%vv}vv96vvOa\vv}vv9f
GyvvjvvPGAyvvzvvTvvwvv9f.E:CfGyvvOhdGyvvgvvQ<vv+?,h<vvjvv̂Gyvv"vvdvvQfvv#|vv(GQO$vv9G}Q\vv+vv?hGC9Fvv+vv?
hGC9y+?,D@vvvgvvv9yvvvH<vvvgvvvO$vvvPgGCWvvvwvvvzvvv?<vvv9yvvvQivvv~|vvv#CfGyvvvgvvvZvvvQGAvvv9[(GyvvvtvvvQfGyvvv(GIvvvO
hGyvgvWvQhf)y+UfvZvQGyvTvwv9f(!vdvQ*v?GCz+9QGyvP$v=v,yvzvTvwv9f),hE!v}v9fvZvQGyvAvtv9!v9J
hGC9d,<v9yvQiv~|v#Cf<vgv̂GyvOhdGyvgvQ<v+?GyvwvDv+vqv?GyvTvwv9f,vv}vZvQhG@vRGFvQ,*vgv9P
VvvvOI

n
hIvvvO

q
IfvvvOe@vvv(GpvvvQGyvvvjvvvPGA,GyvvvAvvv,SvvvAvvvROGOIvvvOI|vvvh@vvv]vvv9fvvvrGyvvvTvvvwvvv9fpvvv,GyvvvQ<vvvh

G}hdyvvzvvtvvQfGAvv9[(fvv9e2020)h<vvMvv9Yvv?EPG<vvtvv+vvB|vvgvvO:JG !vvAvv9Lpvv+vv%vv9|vv"vvMvvqvv]vv?
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v}9$(GA9d<9y"T=?E]GA=(Hf9e2002(1728vk/$vvvv)(7).

h*vvvv;Ivvvve|vvvv#G@vvvvOhdQsvvvv~(13vvvvv3)CfGyvvvvOhdGCAvvvvavvvv(QIhVvvvv=vvvv&GCAvvvvavvvv(QI(Ohd
!vv}vv(QBSvv+vv9)svvO_vv(QJsvvavv9fvv97vv9GyvvRQGfvv+vv?Lvv;dGyvvgvvtvv(OGyvvtvvz+zvv?GC9\vv+vv?fvv=vvQGyvvDvv(QGJ
GyvRQGfv+v?GCgvAv}vOIfv̂Gyvgvzv~hGyvAvtv9!v?pv,Qpvh|vgvO:Jiv;yv%v9|v#Fv%v?,hpv,GAvO|v#
!v}v(Svwv98v9|v#Fv%v?Cv9!v+?,hpv,GSvAvMvOGeGyvAvtv9!v9JGyvRQGfv+v?|v#B:JhCSv}vOIh|v(GO
|vvwvv9pvvJvv?hCYvv"vv9afvv9y+?G !vvAvv9L|vv#Fvv%vv?Cvv9yvvDvv?,<vvgvvOCfhp

q
vvQJG}|vv(GdGyvv;R|vv?yvvPyvvx

(G@vvQGQMvvOepvv,Gy+9<vv9f2$vvvvvvpvvtvvbhpvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?39$vvvvvv),<vvgvvwvvU
GyvvOhdGyvvgvvQ<vv+?GyvvAvv,@vvAvvTvv~GyvvRQGfvv?pvv+vv%vv9<vv9!vvMvvqvv9V|vvgvvO:JG6:Jyvv(IvvOGJGCTvv9Ivv?
G}Q\vv+vv?(8,3FvvQGQyvvwvv{1000$vvvvvvCjFvvQGQyvvwvv{125$vvwvvAvv9QG

k
fvv9e2003),pvv,

Iv_*vQ@vqvh$vPGGCgvOdAv(G]17,9FvQGQyvwv{1000$vwvAv9Qfv̂GCTvAv(iGyvgv9C,.C|v9
<vvv9yvvv"vvvTvvv=vvv?E]GAvvvZvvv9OGJ,pvvvAvvvMvvvOeGyvvv(GIvvvOI|vvv"vvv%vvv9pvvv,Gyvvv(_vvv#GyvvvgvvvQN|vvv9*vvvtvvv9QHGyvvvvvvv888
$vvvwvvvAvvv9QCj29pvvv,GC8vvv?|vvv#|vvvgvvvOdGSvvvAvvvMvvvOG|vvv%vvv9fvvv̂GCTvvvAvvv(iGyvvvgvvv9C,.C|qvvv9pvvv,Gy+9<vvv9f
pvAvMvOeGAvZv9OIsvQG<v?21$vvvvv,hpv,Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?98$vvvvv,hpv,E!vOh!v+Tv+v9

55$vvvvvv.h@vvOd$vvPgG}Qsvv9efvv̂|vvOiGSvvAvv}vvQGQGyvvgvv}vv9yvv?Gy+Oh*vv?hGAvv+vv(G!vv+?pvv,fvv}vvz+9J
GyvRQGfv?<v}v9pv+v%v9fv}vz+9JIvZv9OGAv=v(H,h$vPG|v9CvvOgGQ@vqv9Y!vTv>Gyvgv}v9yv?GyvRQGfv+v?
p,|gd~GyOhdGygQ<+?<9Ct9Q!?|hGyOhdGCAa(QIhV=&GCAa(QI.

C|v9GSvAvMvOGeG}Sv}vOIGCgvO!v+?pv,GyvRQGfv?GyvgvQ<v+?pv%v(IvOhOFvOG
k

,|vtv9Q!v?|vh|v9
@vvTvvAvvMvvO|vv&GyvvOhdGCAvvavv(QI,fvvzvv}vv9

k
CfGyvv(_vv#GyvvgvvQN*vv"vvAvvHIvv(G]6,7|vvz+(f_vv#CRhJ

Yv9amh5,5|vz+(f_v#pv(Svqv(QYv9am,pv,Iv_:*vTvAv%vzvx|v#$vPgGyvwv}v+v9JSv(i
35pvv,GC8vv?h17pvv,GC8vv?fvv̂GyvvAvv(G[,Cj*vvzvvJvvuGyvv%vvwvvAvv9QGyvv(GIvvO|vv#GyvvQsvvgvv?GyvvRQGfvv+vv?
Ivv(G]38vvvkh13,7vvvk|vv#Gyvvgvv"vvZvvQ*vv#GCPvvv(Q*vv#fvv̂GyvvAvv(G[.C|vv9G}Svv}vvOIGyvv=vv(@vv9Svv+vv?
pvv;@vvR*vvOIvvZvv?Gyvv%vvwvvAvv9Qfvv#2,2vvvkh$vvPgGCgvvO:J:@vvR*vvOfvv#1/10vvvvv1/15Fvv9
@vTvAvMvO|v&Ch@vtvO|v&GyvOhdGCAvav(QICJv9Yv+vzv%v9GCRQhfv?,h@v"vMvqv̂<v"vTv=v?46pv,GC8v?
f#GCgOdGyg9C,.

h@vvvvgvvvvAvvvv=vvvvQGC+vvvv9gG}Svvvv9Spvvvv,fvvvv}vvvvz+9JGSvvvvAvvvvZvvvv;MG}QG\vvvv,hQ9qvvvv96vvvvOaR*vvvv9OI
|vvTvv9Ivv97vv9Gyvv=vv9yvvjvv?12|vvz+(f$vvwvvAvv9Qpvv,Gyvvgvv9eGCPvvv(QhGyvvAvv,@vvgvv9Od3,7|vvQIGCTvv9Ivv?
GCQh*vv?yvvz+9<vv9f.h|vvhCfGCTvv9Ivv?GCQh*vv?pvv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?@vvgvv9Od\vvgvvr
GCTvv9Ivv?GCQh*vv?pvv,Gyvv(_vv#GyvvgvvQN,E:CfE!vvAvv9LGAvv=vv(Hpvv+vv%vv9*vvgvv9Od6,4\vvgvvr(Cj

(7)GC"d}?GygQ<+?yzA"}+?GyRQGf+?,GywA9HGyT"(jy5IZ9AGJGyRQGf+?GygQ<+?:GCGzO23.
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337|z+(f_#)F9C!AG&Gy(_#GygQNf9e2003Gy=9yk56|z+(f_#@tQ*=9
k(8).

Ivvv9y+9
k

CYvvv=vvvJvvvB!vvvOQIGC(GQOGC9Fvvv+vvv?|vvv#C$vvv~LvvvZvvv9Fvvv[GyvvvRQGfvvv?GyvvvgvvvQ<vvv+?hC$vvv~
|vvWvvwvv;7vv9,<vv{@vvAvvRG*vvOfvv9|vv9

k
<vvgvvOBLvvQ!vvdvvQG

k
E]GfvvAvv}vv9OGyvv(_vv#GyvvgvvQNfvv̂GCZvv9OQGC9Fvv+vv?

ivv+vvQGCJvvz+?<vv"vvTvv=vv?@vvR*vvOfvv#50pvv,GC8vv?,E\vv9pvv?E]G!vvMvvqvv9Vvvvqvv9AIGC+vv9gGCTvvAvvMvvO|vv?
hG!vMvqv9V!vTv=v?G:SvAvqv9OI|v#G}|vav9QGyv%v9_vzv?Qiv~G!vMvqv9V|vgvO:7v9.|v#Fv%v?Cv9!v+?
RGOJ!vTv=v?GSvAv%v;cGC+v9gG@v(pv+v?iv+vQGCAvGvOOI<vJv+vE<vzvjvBGyvgvO*vO|v#GyvOhdGyvgvQ<v+?
IOhOG}R|?GC9F+?.

vvvPyvvx@vvAvvTvv~GyvvRQGfvv?GyvvgvvQ<vv+?<vvwvv(f|vvgvvdvv}vv%vv9|vvavvQ*vv9
k

(39,5|vvz+(f$vvwvvAvv9QCj80
pvv,GC8vv?),h<vv9yvvAvv9[pvv9C(GQOGC9Fvv+vv?GCavvQ*vv?@vv|OjOhQG

k
|vv%vv}vv9

k
pvv,@vvavv(*vvQG !vvAvv9LGyvvRQGfvv,

hE!vAv9LGyvjvPGA,h*vz+%v9pv,G}Gv+v?GC(GQOGC9Fv+v?GCAvGvOOI|v#GCZv9OQGyvTvavJv+v?hG@v(pv+v?
hivvv+vvvQGyvvvAvvvtvvvz+O*vvv?,<vvv9fvvvAvvv=vvv9Q$vvv9Gyvvvgvvv9|vvv{GCJvvvOO |vvvwvvv9!vvv9JGyvvvAvvv(Svvvhpvvv,GyvvvRQGfvvv9JGCQh*vvv?
GCAvvv}vvvQvvvvRIIvvv9y+9

k
pvvv,?vvvUOhdfvvvQ<vvv+?$vvv,:|vvvZvvvQ(25pvvv,GC8vvv?);hGyvvvTvvv(OGf(17pvvv,

GC8vv?);hGyvvgvvQGb(14pvv,GC8vv?);hGyvvTvvgvv(O*vv?(10pvv,GC8vv?);hSvv(Q*vv9(9,5pvv,GC8vv?);
p,I_@T9$~GCjQHhGy+}#hG@RGFQ<vv5p,GC8?yw{|"%9.

pvv,Gyvv(GsvvhD*vv"vvAvvHGyvv(_vv#GyvvgvvQN|vv#GAvv=vv(Hpvv,<vvOG*vv?GyvvgvvtvvOG}hd|vv#GyvvtvvQf
Gyvv(GIvvOhGyvvgvvWvvQ*vv#Svv(i2,28pvv,GC8vv?|vv#G !vvAvv9LGyvvgvv9C,(fvv9e2003),fvvzvv}vv9

k
<vvzf

Svvwvv9!vv&*vv}vvDvvzvv(f4,5pvv,GC8vv?|vv#Svvwvv9fGyvvgvv9D.pvv,Ivv_C!vvAvvGvvBGyvvZvv_21,2pvv,GC8vv?
|vv#G !vvAvv9LGyvvgvv9C,hSvvwvv98vv9*vv}vvDvvzvv(f21,4pvv,GC8vv?|vv#Svvwvv9fGyvvgvv9D,Cj$vv"vv9c@vv(GRf
<+#GyTw9fhGyjPGAp+%9,p,I_*"gOe$PGGyA(GRfp,Gyg9DGygQN(9).

h@vgvAv=vQGyvTv+v9Sv9JGyvRQGfv+v?GCAv=v9*v"v?GCAv=vgv?pv,EOGQIGyvtvav9fv9JGyvRQGfv+v?GyvgvQ<v+?|v#
C$vv~Gyvvgvv(G|vv{Gyvvqvv9fvvzvv?pvv,@vvavv(*vvQ$vvPgGyvvtvvavv9fvv9Jh@vvz|vv_GyvvjvvPGAyvvzvvTvvwvv9fh<vvMvv9Yvv?|vv#
GyvvTvvzvvhG}Svv9Svv+vv?hG:SvvAvvQG@vv+Gvv+vv?h;vvtvv+vvuCsvvZvv)|vvgvvO:JFvvwvv"vv?|vv#G:vvvAvvqvv9AGyvvjvvPGFvv,
PG@vv+9

k
.E:CfG6y+9JGCTvvAvvMvvO|vv?pvv,Pyvvx@vv=vv9*vv"vvBvvvDvv+vvQG

k
,pvv=vv+"}vv9@vv=vv"vvB|vvZvvQhSvv(Q*vv9

hGyvvgvvQGbhG@vvRGFvvQhGyvvTvv(OGfpvv,Gyvvgvvtvv(OGyvvDvv;Cvv?G}Lvv+vvQI|vv#GyvvtvvQfGC9\vv,,CSvvzvv(H
GyvvvAvvvMvvvavvv+vvvbGCQvvvvRjhGyvvvAvvvOLvvv{GC=vvv9VvvvQyvvvzvvvOhyvvv?pvvv,GyvvvAvvvQvvvv+vvv=vvv9JGC(\vvv(fvvv+vvv?hSvvv+vvv9Svvv9J
G}Svgv9QhGyvAvTv(*vu,hCOhGQvv{|v#Gyvtvav9fv9JGyvgv9|v?hGBv9Yv?hGyvAvgv9h!v+?pv,fv}vz+9J

(8)GCZOQ!qT&.

(9)GCZvvOQ!vvqvvTvv&,hGC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,GyvwvAv9HGyvTv"v(jyv5IvZv9AGJGyvRQGfv+v?GyvgvQ<v+?:
GCGzO17(GBQ_(e:GC"d}?,1997).
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G !vvvAvvv9Lh@vvv"vvvqvvv+vvvPGCWvvv9Q*vvvhGyvvvRQGfvvv+vvv?,pvvvtvvvO@vvv=vvv"vvvBOhdGBvvvz+HGyvvvgvvvQNhG}QOfhy+=vvv+vvv9
hGCjvvvQHhivvv+vvvQ$vvv9,|vvv"vvv%vvvHGAvvvQ*vvv?G:svvvAvvvZvvv9O*vvv?hBy+9JGyvvvTvvv(bpvvv,@vvv(Fvvv+vvv&!vvvWvvv9_vvv97vvv9
GyvvRQGfvv+vv?,hGfvvAvv}vvOJvvvDvv+vvQG

k
fvv̂GSvvAvv+vvQGOGyvvTvvzvvhGyvvjvvPGFvv+vv?yvvAvvJvvtvv+vvuC|vv"vv%vv9GyvvjvvPGFvv,<vv9yvvQivv~

|vv#|vvgvvQpvvAvv%vv9<vv9CMvv9_vvQGyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?GCQGpvvtvv?yvvPyvvx.h|vvhcvv%vv(Q
|vqv9$v+v~Gyvgv(C?h\vQhQIG:!vqvAv9MG:svAvZv9Ojh;vQ*vQGyvAvGv9QI,FvOqJ|vWvwv;JE\v9pv+v?
yzT+9S9JGyRQGf+?hGyA"}+?GyRQGf+?p+%9.

hyvtvOG!vgvwvTvB$vPgGyvTv+v9Sv9JGyvRQGfv+v?<vzIvOhFv($v%v9pv,;vO*vOCh\v9Y|v(GR*v"v%v9
GyvAvGv9Q*v?Gyvgv9|v?hGyvRQGfv+v?hGyvjvPGFv+v?,pv=v+"}v9$v"v9cpv9Fv̂pv,GC+vRGfGyvAvGv9QjGyvgv9e<vJv(G]

55|vz+9QOh:Q,pv{f
q

$v"v9cfvGvRG
k
pv,GC+vRGfGyvAvGv9QjGyvRQGfv,hGyvjvPGFv,hYv{pv,Gyvgv9e

2003E]CvDQ|#21h18|z+9QOh:Qf^GyA(G[,G@OhdQs~(13vvvvv4)(10).

G@OhdQs~(13vvvvv4)
GC(GR*#GyAG9Q*?Gywz+?hGyRQGf+?hGyjPGF+?
p,Gy(_#GygQNf9e2003(|z+(fOh:Q)

GC+RGfGyAG9QjGy(GQOGJGyZ9OQGJGyqG(I

Gyw\18893024472255792

GyRQGf,285316844vvvvv21687

GyjPGF,234995246vvvvv18253

GCZvOQGf:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?:GyvwvAv9HGyvTv"v(jyv5IvZv9AGJGyvRQGfv+v?GyvgvQ<v+?:GCGvzvO17
(GBQ_(e:GC"d}?,1997),hGywA9HGyT"(jy5IZ9AGJGyRQGf+?GygQ<+?:GCGzO23.

hpvv,\vv(AGLvvAvv;aGyvvTvv+vv9Svv9JGyvvRQGfvv+vv?yvvzvvOhdGyvvgvvQ<vv+?Lvv;dGyvvgvvtvv(OG}Q<vvgvv?
GC9\vv+vv?,vvv9fGyvvAvvgvv9hfGyvvgvvQNGyvvRQGfvv,pvv,C\vv+vvuIvvOhOgQivv~G:FvvAvv}vv9fvv9JGCAvv(GYvvzvv?
yvvv(RQGAGyvvvRQGfvvv?hGyvvvQjhGyvvv=vvv+vvv8vvv?GyvvvgvvvQH,hQivvv~G@vvv%vvv(OGyvvvwvvv=vvv+vvvQIGyvvvAvvv,<vvvPyvvvAvvv%vvv9h@vvv=vvvPyvvv%vvv9
GCQGvvvvRhGC"vvvdvvv}vvv9JGyvvvgvvvQ<vvv+?Gyvvvgvvv9|vvvzvvv?pvvv,Hvvv9dGyvvvRQGfvvv?hGC+vvv9g,|vvv#Lvvv;dGyvvvOQGSvvv9J
hGyvv=vvJvv(KhGCWvv9Q*vvhG !vvAvv9Fvv+vv?GyvvRQGfvv+vv?GCWvvAvvQvvv?h@vvOQ*vv>Gyvvwvv(GOQGyvvRQGfvv+vv?,EPEf
GyvvAvvGvv9QIGyvv=vv+"+vv?pvv,GyvvRQGfvv?GyvvgvvQ<vv+?:@vvR*vvOpvv,CIvvTvv#CIvv(Gyvv%vv9fvv#7,5pvv,GC8vv?|vv#
H}{GyAG9QIGygQ<+?GyRQGf+?|hGyOhdG}F"=+?.

C|vv9Gyvv=vvJvv(KGyvvRQGfvv+vv?pvvtvvOCOJ,h:@vvRGd@vv|Oj,GyvvOhQG}vvvDvvQCGvv+vv?pvv,;vvtvv+vvu

(10)GC"d}?GygQ<+?yzA"}+?GyRQGf+?,GywA9HGyT"(jy5IZ9AGJGyRQGf+?GygQ<+?:GCGzO23.
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G}|vv#GyvvjvvPGFvv,yvvzvvOhd,pvv9yvvOhdGCAvvavv(QIhpvv,|vvtvvO|vvAvv%vv9Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?,
GSvvvAvvvavvv9fvvvBGyvvvTvvv+vvvavvvQIfvvv̂|vvvgvvvdvvv~GyvvvOhdGyvvv"vvv9|vvv+vvv?<vvvqvvv]vvv{G}|vvv(GdGCTvvvAvvvDvvv}vvvQIpvvv,fvvv}vvvz+?
Gyvv=vvJvv(KGyvvRQGfvv+vv?hGSvvAvv"vv=vv9WG}Yvv"vv9ahGyvvTvv;:JGyvv%vvGvv_yvvzvvJvv=vv(HPGJ|vvgvvO:J
G !vvAvv9LGyvvgvv9[(6vvvvv10_vv#/$vvvvvvyvv~QRhGyvvPQIhGyvvtvv}vvK),<vvJvv+vvEEfGyvvOh:QGCTvvAvvDvv}vvQ
pvv,<vvJvv(KG}svv}vv9MhGyvvPQICfvvavv)CvvvDvvQ|vv#|vv8vv?\vvgvvr,h|vvDvv+vvzvv&GCTvvAvvDvv}vvQpvv,<vvJvv(K
G}QRCfvav)CvvDvQ|v#15\vgvqv9

k
Lv;dGyvqvAvQI1970vvvvv1994,vv}v9|vQq|vgv"v9pv,GyvqvZv{

GyvvAvv9Svvh,E\vv9pvv?E]Gyvvqvv(GFvvOG}LvvQiGyvvAvv,Fvv"vvAvv%vv9$vvPgGyvvOhyvv?|vv#<vvJvv(Cvv%vv9GyvvRQGfvv+vv?.vvv}vv9
EfOhd!vv}vv(QBSvv+vv9hGyvv%vv"vvOhGyvv=vv9vvvTvvAvv9fhivv+vvQ$vv9,svvOGSvvAvvavv9fvvB@vvz|vv_ivvPGFvv%vv9<vvqvv]vv{
Gy=J(KGyRQGf+?h<M9Y?p,H9dGA=(H.

pvv,$vvPGGCGvv9d:<vvO|vv#G Vvv9QIE]CfGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,Gyvv(_vv#GyvvgvvQNsvvO
IvvvtvvvtvvvBVvvv(_vvv9

k
:<vvvzS<vvv&pvvv,<vvvgvvv̂Ohdvvvv}vvvZvvvQhSvvv(Q*vvv9,h<vvvMvvv9Yvvv?pvvv,Hvvv9:J

GSvAv"v=v9WG}Yv"v9ahGyvTv;:JGCAvav(QI|v#G}sv}v9MhGyvWvgv+vQhGyvPQIh<vgv̂Gyv=vtv(y+9J
GAvv=vv+vv?hG}QR,GyvvAvv,hYvvzvvB|vvgvvO:JE!vvAvv9Fvv%vv9E]|vv9*vvR*vvOfvv#6C_vv"vv9fpvv,Gyvv%vvwvvAvv9Q,
vvv}vv9$vv(GAvv9d<vv9yvv"vvTvv=vv?E]G}QRpvv,|vvZvvQ,h<vvgvv̂CYvv"vv9aG}svv}vv9Mpvv,Svv(Q*vv9h|vvZvvQ
hGyvTvgv(O*v?,hGyvAv,Sv9GvB!vTv=v+v9

k
pv,Iv{|vWvwvzv?G:vvAvqv9AGyvPGOyv%vPgGyvTvzvh(GAv=v(H)

p,v{|#S(Q*9hGyTg(O*?,hQpgB!T=A%9p,|ZQL;dG}f(GeGyq9FA?.

$vvvPG,h*vvvAvvvRG*vvvOOhQGyvvvWvvv|hfGyvvv=vvv+vvv8vvv+vvv?pvvv,Gyvvvtvvvavvv9YGyvvvRQGfvvv,GyvvvgvvvQN,EPEfRQGfvvv?
GC"vv9_vvuGyvvQfvv(*vv?pvv,Svv(Q*vv9COJE]ERGyvv?Gyvvjvvavv9AGyvv"vv=vv9OCTvv9Ivv9Jvvv=vv+vvQI|vv"vv%vv9,vvv}vv9Ef
EvvvzvvvKG}QG\vvv,GCQh*vvv?fvvv̂!vvvavvv9bhGSvvvhpvvv,vvvvDvvv+vvvQ|vvv"vvv%vvv9COiE]LvvvQhFvvv%vvv9|vvv#Gyvvvgvvv}vvvz+?
GyvRQGfv+v?,E\v9pv?E]Svzv=v+v9JGyv"vdv~GyvRQGfv+v?GCAv=vgv?pv,GyvgvO*vO|v#GyvOhdGyvgvQ<v+?.Iv9y+9

k

*vv"vvdvvQfvvzvv}vv9AGyvv=vv+vv8vv?hGyvvRQGfvv?E]\vvQhQIhFvv(OG}!vvdvv}vv?GyvvRQGfvv+vv?vvvvvGyvv=vv+vv8vv+vv?GC;Fvv}vv?GyvvAvv,
*vvAvv~|vv#Lvv;yvv%vv9GSvvAvvOG|vv?GC(GQOGyvvavv=vv+vvgvv+vv?yvv~Fvv+vv9dGyvvtvv9O|vv?.C|vv9GC(GQOGC9y+?pvvAvv|Ojpvv,
Gyvvv(GsvvvhGyvvvOhQG}$vvv~pvvv,@vvvqvvvgvvv+vvv{Gyvvvgvvv(G|vvv{GCPvvvv(QIB!vvvqvvv9

k
pvvv,Gyvvvtvvvavvv9YGyvvvRQGfvvv,GyvvvgvvvQN.

h!dQG
k

E]CG+?$PgGC(GQO,pT"g9@%9|"qQOIp,GyqtQIGyA9y+?.

C9!+9
k

:GC(GQOGC9y+?hGSAD}9QG79p,GyRQGf?GygQ<+?
@vv|OjGC(GQOGC9y+?GyvvgvvQ<vv+?OhQG

k
|vv%vv}vv9

k
pvv,GyvvRQGfvv?GyvvgvvQ<vv+?yvv(CIvvTvv#GSvvAvvMvvOG|vv%vv9.

hvvv}vv9yvv(Ivve|vv#GC+vvRGfGyvvAvvGvv9QjGyvvgvv9eyvvzvv(_vv#GyvvgvvQN<vvzf$vv"vv9cvvvAvvzvv?|vv9y+?\vvMvv}vv?
@vvOLvv{GyvvOhdGyvvgvvQ<vv+?vvv{fvv9e,hYvvzvvBpvv,8vv9*vv?GyvvtvvQfGC9\vv,E]CvvvDvvQ|vv#130|vvz+9Q
Oh:Q|vv"vv%vv968,4pvv,GC8vv?E]OhdGyvvAvvgvv9hfGBvvz+Gvv,,h23,8pvv,GC8vv?E]OhdG;vv9O
GCjvvQHGyvvgvvQN,h7,9pvv,GC8vv?E]<vv9svv,GyvvOhdGyvvgvvQ<vv+?.hsvvOGQ@vvqvvgvvB$vvPgGyvvwvvAvvzvv?GC9y+?
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vvDv+vQG
k
pv,GyvTv"v(GJG}Lv+vQI!vdvQG

k
E]GQ@vqv9YCSvgv9QGyv"vqvbiv+vQGCTv=v(sv?(60Oh:QG

k
h|v9

pvv(bfvv9e2005).Ef|vvgvvdvv~$vvPgGC(GQO@vvP$vv>|vvhG}Svvrpvv,GyvvavvQbivv+vvQGyvvTvvz+}vv?
y;SAD}9Qhp,i+QGyZ9yKGygQNhGyRQGf?GygQ<+?hGyjPGAGygQN.

*vWv+vQIv}vOIvTv"v_$v+vwv{pv,$vPGGBvZv(U<vzfGyv"vdv9eGyv=v"vwv,Gyvgv9C,@vOhQpv+v&
|vvv9<vvv+#600vvvvv700|vvvz+9QOh:Q|vvv#G}|vvv(GdGyvvvgvvvQ<vvv+?pvvv,GyvvvgvvvtvvvOG}Lvvv+vvvQ|vvv#GyvvvtvvvQf
GyvgvWvQ*v#,hCf

q
CvvDvQ|v#CvzvDv+v%v9*vgv(OE]GyvTvgv(O*v_,hGyvDvzvEGyv=v9sv,*vgv(OE]GCZvQ*v_

hG@vvRGFvvQ*vv_hGyvvTvv(Q*vv_.hpvv,GCtvv9<vv{*vv=vvzvvkIvvGvv~GyvvO*vv#GBvv9QFvv,yvvgvvWvvQOhdfvvQ<vv+?pvv,
GyvgvtvOGCPvv(QCvvDvQ|v#151,5|vz+9QOh:Q(|v"v%v9|vZvQ40,6,G@vRGFvQ28,6,GCjvQH

21,2,Svvvvvvv(Q*vvvvvvv916,8,GyvvvvvvvTvvvvvvv(OGf15,9,hG}QOf8,6|vvvvvvvz+9QOh:Q)|vvvvvvvZvvvvvvvOQ$vvvvvvv9
GyQF+T,Gy="xGyOh[hY"OhbGy"tOGyOh[(11).

hyvzvAvjvzv>fv̂Gyv(\vhGyv]vgv+vryvzvtvav9YGyvRQGfv,GyvgvQNGAv9[<v9Ctv9Q!v?|vhCh\v9Y
Gyvvtvvavv9fvv9JGyvvRQGfvv+vv?pvv,GyvvOhdGCAvvavv(QIhVvv=vv&GCAvvavv(QIhGyvv"vv9|vv+vv?,h<vvMvv9Yvv?GCgvvQh\vv?
vvz|vDvzv?pv,GyvtvTv~G}hd|v#$vPGGyvqvZv{,:<vO|v#GyvzvGv(AE]@vwvDv+vrG:SvAvDv}v9QGJpv,
GyvvRQGfvv?GyvvgvvQ<vv+?h|vv#\vv}vv"vv%vv9@vvwvvDvv+vvrG:SvvAvvDvv}vv9QGJpvv,Gyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvvZvv"vv+vvh
GyvvRQGfvv,yvvwvv{|vv#|vvTvvAvvzvvR|vv9JG !vvAvv9L(G6y+9JhG}Svv}vvOIh|vv(GOGCwvv9pvvJvv?hivv+vvQ$vv9),
hpvvv,GyvvvAvvvTvvv(*vvvuhEvvv(*vvv{GCRGQfvvv_.EfG:SvvvAvvvDvvv}vvv9QGyvvvgvvvtvvv;P\vvvQhQjyvvvAvvvavvv(*vvvQh;vvvO*vvvE
Gyvvvtvvvavvv9YGyvvvRQGfvvv,GyvvvgvvvQN,EP*vvv}vvvwvvv#|vvv]vvv9fvvvqvvv?G !vvvAvvv9Fvvv+vvv?GAvvv9y+?}QG\vvv+"9GyvvvRQGfvvv+vvv?
|vv#\vvgvvqvv_vvvvvCQ<vvgvv?C\vvgvv9a,hE]Qpvvhvvvqvv9AIGSvvAvvMvvOGeGC+vv9g|vv#50pvv,GC8vv?}vvvDvvQ|vv#

80vvvvv90pvvv,GC8vvv?.h<vvv9yvvvQivvv~|vvv#GQ@vvvqvvv9Y@vvvwvvv9y+rGSvvvAvvvZvvv;MhGSvvvAvvvRQGYG}QG\vvv,GyvvvAvvv,
hYvzvBpv,ChGLvQGyvtvQfGC9\v,E]|v9<v+#1500vvvvv20000Oh:Q(75vvvvv1000Cyvr
d.S),E:CfGyvv%vvwvvAvv9QGyvv(GIvvO*vv||vv#|vv#1vvvvv4pvvQYvv?fvv}vv{OGFvv}vv?(12).E\vv9pvv?E]Cf
Ivv{|vvWvvwvvzvv?G}|vv#GyvvjvvPGFvv,yvv#@vvAvv~E:fvv#_vvQ*vvuR*vv9OIG:SvvAvvDvv}vv9Qpvv,GyvvRQGfvv?GyvvgvvQ<vv+?
vvv(f$vvPGG}|vv#$vv(GCOLvv{yvv~|vv#Gyvvtvv(|vv,GyvvgvvQN.h@vvAvvRG*vvOCGvv+vv?G:SvvAvvDvv}vv9Qpvv,GyvvRQGfvv?
GyvgvQ<v+?|vh@vqv9sv~GyvAv=vgv+v?GyvjvPGFv+v?yvzvwvDv+vQ|v#GyvOhdGyvgvQ<v+?hGfvAv}v9O$v9Gyvwv\fv̂GCZv9OQ
G}Fv"v=v+v?GyvZvO*vtv?hGyvgvOhIpv,Gyv(svB!vqvTv&.E\v9pv?E]vv{Pyvx,*v}vwv#G:SvAvDv}v9Qpv,
GyvRQGfv?GyvgvQ<v+?Cf*vR*vO|v#pvQUGyvgv}v9yv?,h*vR*vOpv,Gyvavzv>GCJv\,hLvO|v#Gyv%vGvQI
GyQ*q+?E]GCOfE\9p?E]R*9OIGyg(GFO|#GyAZO*Q.

(11)G!vdvQ:<vQ!v9|vHG}|v~GCAvJvOIG !v}v9Fv,,@vtvQ*vQGyvAv"v}v+v?Gyv=vWvQ*v?yvgv9e1994(<v+QhJ:|vQvvROQGSv9J
Gy(IOIGygQ<+?,1994).

(12)hRGf,@"}+?GyRQGf?GygQ<+?:Gy(GshhGC}w#.
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fvvv̂GyvvvQivvv~|vvv#G:$vvvAvvv}vvv9eGyvvvPj@vvv(y+&Gyvvv=vvv;OGyvvvgvvvQ<vvv+?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,E:Cf
G IvvZvv9AGJhG}Qsvv9eGCAvv(GpvvQI@vvdvv%vvQG$vvAvv}vv9eLvvavvbGyvvAvv"vv}vv+vv?G:svvAvvZvv9O*vv?GyvvgvvQ<vv+?<vv9yvvtvvavv9Y
GyvvZvv"vv9fvv,(20,5vvvvv22,5pvv,GC8vv?)Lvv;dGyvvgvvtvv(OGyvvDvv;Cvv?G}Lvv+vvQI|vv#GyvvtvvQfGC9\vv,,
pvvv,Ivvv_DLvvvZvvv{Gyvvvtvvvavvv9YGyvvvRQGfvvv,GyvvvgvvvQNE:fvvv̂13,9vvvvv9,3pvvv,GC8vvv?|vvv#IvvvGvvv~
G:SAD}9QGJGywz+?(G@OhdQs~(13vvvvv5)).

G@OhdQs~(13vvvvv5)
@a(QG:SAD}9QGJGyRQGf+?<9Ct9Q!?|hG:SAD}9QGJp,Gyta9f9JG:sAZ9O*?

GygQ<+?G}LQiL;dGyqAQI1970vvvvv1985(|z+(fOh:Q)
Gyta9f9JG:sAZ9O*?1970/19751976/19801981/1985

GyRQGf?

GyZ"9f?
Gy"t{hGC(GY;J

GyAW++O
CLQi

7800

11900

12000

8100

16200

25700

64000

46000

37000

110900

63800

140400

94000

90000

295300

GCG}(Y56000283600683500

GCZvOQ:EIvvZvv9AGJGC"vvdvv}vv9JGyvvgvvQ<vv+?yvvgvv9e1985,|vv"vv%vv9:Yvv"vvOhbGyvv"vvtvvOGyvvgvvQNh|vv"vvdvv}vv?GyvvOhdGyvvgvvQ<vv+?
GCZOQIyz"qbhGyZ"OhbGygQNy5!}9AG:sAZ9OjhHzUGy(IOIG:sAZ9O*?GygQ<+?.

hQivv~R*vv9OIGAvvGvv~GCavvzvvuyvv;SvvAvvDvv}vv9QGJGyvvRQGfvv+vv?GyvvgvvQ<vv+?<vv9}Svvgvv9QG@vv9Q*vv?|vv#
7,8|vvvz+9QOh:QLvvv;dGyvvvqvvvAvvvQI1970vvvvv1975,E]!vvvJvvv(63,8|vvvz+9QOh:QyvvvzvvvqvvvAvvvQI

1981vvvvv1986,E:CfGyvvtvv+vv}vv?GAvvtvv+vvtvv+vv?yvv%vvPgGyvvR*vv9OI<vvtvv+vvB|vvgvvOh|vv?<vvqvvgvv{|vvgvvO:J
GyvvAvv]vvMvv~.E\vv9pvv?E]PyvvxG!vvMvvqvv]vvBIvvZvv?Gyvvtvvavv9YGyvvRQGfvv,GyvvgvvQN|vv#G:SvvAvvDvv}vv9QGJ
G =9y+?<"T=?4,5p,GC8?<+#G}f(Ge1970vvvvv1975h1981vvvvv1985.

yvvvtvvvOivvvavvvBsvvvQhVGyvvvZvvv"vvv9O*vvvuGCtvvvO|vvv?E]Gyvvvtvvvavvv9fvvv9JGyvvvRQGfvvv+vvv?GyvvvgvvvQ<vvv+?GCPvvvv(QI
|vvWvv9Q*vvhGyvvAvv"vv}vv+vv?GyvvQ*vvqvv+vv?,h@vv(pvv+vvQ|vvTvvAvvzvvR|vv9JG !vvAvv9LGyvvRQGfvv,,hOfvv~<vv"vv(cG svvQGV
GyvvvRQGfvvv,,hEsvvv9|vvv?GyvvvTvvvOhOhEfvvv9OI@vvvz$vvv+vvv{GCWvvvQhfvvv9JGyvvvRQGfvvv+vvv?Gyvvvwvvv=vvvQipvvv,Gyvvv(_vvv#
GyvvgvvQN,vvv}vvWvvQhYG@vvR*vvQIpvv,GyvvTvv(OGf,h|vvWvvQhfvv9JG}Svv}vvOIhYvv(G|vvhGAvv=vv(H,
h|vvvv(qyvvvvB14|vvvvWvvvvQhfvvvv9

k
pvvvv,Hvvvv9dGyvvvvZvvvv"vvvv9fvvvv9JGyvvvvjvvvvPGFvvvv+vvvv?h|vvvvWvvvv9Q*vvvvhG !vvvvAvvvv9LGAvvvv+vvvv(GP

hGyvvvvTvvvv}vvvvwvvvv,,E\vvvv9pvvvv?E]Qj<vvvvgvvvv̂G}QG\vvvv,GCavvvvQ*vvvv?.$vvvvPG,h@vvvvAvvvvQvvvvvRG:SvvvvAvvvvDvvvv}vvvv9QGJ
GyvvRQGfvv+vv?GyvvgvvQ<vv+?<vvWvvwvv{CSvv9Svv,pvv,vvv{|vv#Svv(Q*vv9h@vv(!vvUhGCjvvQHhG@vvRGFvvQh|vvZvvQ
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hGyvvTvv(OGfhGyvvZvv(|vv9dhy+=vv+vv9,hPyvvx<vv"vvTvv>@vvAvvQGhM<vv+#10vvvvv24pvv,GC8vv?|vv#Hvv}vv{
GSvvvAvvvDvvv}vvv9QG7vvv9Gyvvvwvvvz+?,pvvv,Ivvv_G!vvvMvvvqvvv]vvvBG:SvvvAvvvDvvv}vvv9QGJGyvvvRQGfvvv+vvv?pvvv,GyvvvOhdGyvvvgvvvQ<vvv+?
GBz+G+?h<M9Y?E]|9OhfGyvvvv5p,GC8?(<9SAD"9AGyTg(O*?).

h:@vv"vvJvvZvvQ|vvWvvwvv;JG:SvvAvvDvv}vv9QGyvvRQGfvv,GyvvgvvQN<vvgvvOevvvqvv9*vv?|vvtvv9O*vvQ$vv9hSvv(A
@vvv(R*vvvgvvv%vvv9Gyvvvtvvvavvv9fvvv,hG@vvvjvvvQGpvvv,,hE!vvv}vvv9@vvvAvvv=vvvzvvv(Qpvvv,Svvv(A@vvvQ@vvv+>Chyvvv(*vvv97vvv9GyvvvAvvv,:*vvvAvvv~
GLA+9Q$9hpt9

k
}SUGsAZ9O*?hGFA}9f+?hfz}+?vvvvvp"+?Sz+}?.

$vvvPG,h*vvvgvvvAvvv}vvvOGyvvvtvvvavvv9YGyvvvRQGfvvv,GyvvvgvvvQNpvvv,@vvv(pvvv+vvvQG:SvvvAvvvDvvv}vvv9QGJGyvvvRQGfvvv+vvv?fvvv̂
GyvvAvv}vv(*vv{GCJvv\hGyvvgvvQNhGBvv9QFvv,.h*vvAvv(pvvQGyvvAvv}vv(*vv{GCJvv\<vv9yvv"vvTvv=vv?E]GyvvOhdGyvv"vvqvvavv+vv?
<vvv9yvvvOQFvvv?G}h]vvvvOhdGBvvvz+HGyvvvgvvvQNhy+=vvv+vvv9hG@vvvRGFvvvQhGyvvvgvvvQGb,pvvv,Ivvv_*vvvwvvv(f$vvvPG
Gyvvv"vvv(Y\vvv8vvv+vvv;

k
<vvv9yvvv"vvvTvvv=vvv?E]GyvvvOhdGyvvvgvvvQ<vvv+?G}LvvvQi,pvvvAvvvzvvvGvvvzE]GC|SvvvTvvv9JhGyvvvZvvv"vvv9O*vvvu

GyvAv"v}v(*v?G svz+}v+v?hGyvgvQ<v+?hGyvOhy+?.h*vAv(GpvQG6fpv,GC"vavtv?GyvgvQ<v+?R$v9A13|vZvOQG
k

yA}(*{Gyta9f9JGyRQGf+?GygQ<+?!gQ\%9p,G@OhdQs~(13vvvvv6).

yvtvOGSvAvqv9OGyvtvav9YGyvRQGfv,GyvgvQN|v#GCZv9OQGyvAv}v(*vz+?GyvTv9<vtv?GyvPvvQpv,|v"vAvZvr
GyvvvgvvvtvvvOG}Lvvv+vvvQyvvvzvvvtvvvQfGyvvvgvvvWvvvQ*vvv#svvvQG<vvv?6,5|vvvz+9QOh:Q,Cj17pvvv,GC8vvv?|vvv#Hvvv}vvv(Y
Gyvvgvv}vvz+9JGyvvAvv}vv(*vvz+?,pvv,Ivv_G!vvMvvqvv]vvB$vvPgGyvvwvv}vv+vv?<vv+#fvv9e1993hfvv9e1998E]
svQG<v?Cv;Cv?|vz+9QGJOh:QCj19,8pv,GC8v?|v#IvGv~Gyvgv}vz+9JGCPvv(QI,<v+"v}v9Iv9pve
sa9f9Gya9s?hGyAgO*#!T=+9

k
f^!T=A%}925p,GC8?h20vvvvv18p,GC8?f^GyA(G[.

$vvPG,hsvvO!vvdvv}vvBG@vv9|vvgvv?GyvvgvvQ<vv+?fvv}vvz+?G:SvvAvvDvv}vv9QG@vv}vv9fvv+vv?hGCAvvgvvOOIG}_vvQGa
|vvv#Lvvv;dHvvv}vvv(fvvv?G@vvvqvvv9svvv9JCsvvv9|vvvB<vvv}vvv(Fvvv=vvv%vvv9G}_vvvQGC|SvvvTvvv+vvv?yvvv5VvvvQGafvvv̂@vvv"vvvqvvv+vvvP
G:@q9s9J,h@A}D{$PgG}_Q<9C|ST9JGyA9y+?:

1vvvvvGCGvzvUG:svAvZv9OjvvvvvG:FvAv}v9fv,,h$vv(*vvWvvQafvv̂@vv"vvqvv+vvPG:@vvqvv9svv+vv?GC(IvvOI
:SvvvAvvvDvvv}vvv9QQDhSG}|vvv(Gdpvvv,GyvvvOhdGyvvvgvvvQ<vvv+?,hQSvvv~GyvvvTvvv+vvv9Svvv9JGyvvvgvvv9|vvv?yvvvzvvvAvvvgvvv9hf
G:sAZ9OjhG:FA}9f,GygQN,h<a+bh@"q+PGy=QG|HGy;R|?yPyx.

2vvvvvGyvv%vv+vv8vv?GyvvgvvQ<vv+?:@vvqvv9svv+vv?G:SvvAvvDvv}vv9Q,h@vvv]vvv~FvvvDvvv\GyvvvOhdGyvvvgvvvQ<vvv+?G}_vvvQGa
G}fvvv]vvv9Apvvv,GCGvvvzvvvUG:svvvAvvvZvvv9OjvvvvvG:FvvvAvvv}vvv9fvvv,,h@vvvAvvv(]Ivvv9y+9

k
Hvvv}vvv{GLvvvAvvvZvvv9Yvvv9J

GCGzUGCPv(Q.

3vvvvvGyv%v+v8v?GyvgvQ<v+?yv]v}v9fG:SvAvDv}v9Q,h@vv]vv~pvv,fvv]vv(*vvAvv%vv9=vv+vvhGyvvOhdGyvvgvvQ<vv+?
h$vv,@vv(pvvQGyvvAvvz|vv_yvvzvv}vvTvvAvvDvv}vvQGyvvgvvQN|vv#GCMvv9_vvQGyvvAvvGvv9Q*vv?h@vvAvv=vv"vv)Gyvv=vvJvv(KGCAvvgvvzvvtvv?
<AWG+hpQUG:SAD}9Q.
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G@OhdQs~(13vvvvv6)
GC|ST9JhGyZ"9O*uGyA"}(*?GCT9G?p,E(*{Gyta9f9JGyRQGf+?GygQ<+?
|ZOQGyA}(*{S"?

GyAzS+U
S"?
Gyg}{

!(Y
GCZOQ

GyQCS}9dGCOp(Y
(|z+(fOh:Q)

GyZ"OhbGygQNy5!}9AG:sAZ9OjG:FA}9f,

GC|ST?GygQ<+?y]}9fG:SAD}9Q

<Q!9|HE(*{GyAG9QIGygQ<+?

GyZ"OhbGygQGs,yzA"}+?GB9QF+?

Y"OhbC<(c=,yzA"}+?

GyZ"OhbGyTg(OjyzA"}+?

Gy="xG S;|,yzA"}+?

GyWQv?Gyz+=+?y;SAD}9QG}F"=,

<"xGyA"}+?G}pQ*t,

Y"OhbG}h<xyzA"}+?GyOhy+?

GyZ"OhbGyw(*A,yzA"}+?G:sAZ9O*?GygQ<+?

GyZ"OhbGygQNyzA"}+?GyRQGf+?

<Q!9|HGBz+HyOf~<Q!9|HG}|~GCAJOIG !}9F,

1971

1966

1989

1974

1971

1974

1975

1981

1963

1976

1961

1976

vvvvv

1974

1975

1991

1977

1974

1975

1976

vvvvv

1964

1976

1962

1977

vvvvv

fQN

fQN

fQN

fQN/!9e
m

fQN/!9e
m

!9|+?

ES;|,

!9|+?

CpQ*t,

Esz+},

Oh[

Oh[

Oh[

5000

vvvvv

vvvvv

635

600

5000

2500

vvvvv

vvvvv

3500

4000

vvvvv

vvvvv

GCZvOQ:Gyv"vOhIGyvtv(|v+v?Iv(dEv(*v{GyvAv"v}v+v?GyvRQGfv+v?pv,GyvOhdGyvgvQ<v+?(GBvQ_v(e:GC"vdv}v?GyvgvQ<v+?yvzvAv"v}v+v?
GyRQGf+?,1995).

4vvvvvIvwv}v?G:SvAvDv}v9QGyvgvQ<v+?,h|v%v}vAv%v9@vTv(*v?Gyv"vRGfv9JGyv"v9Vv8v?fv#Sv(A@vav=v+vu
G:@vvqvv9svv+vv9JChCj!vvRGYBLvvQ*vvAvvgvvzvvu<vvOhdG@vv9|vvgvv?GyvvgvvQ<vv+?.h@vv]vv~GCJvvwvv}vv??vvTvv?svv]vv9I
CS9S+_hfOOG

k
|#Gyt]9IG:IA+9_+_|#GyOhdGygQ<+?.

5vvvvvHvvzvvUGyvv(IvvOIG:svvAvvZvv9O*vv?GyvvgvvQ<vv+?,h|vv%vv}vvAvv&|vvAvv9<vvgvv?@vv"vvqvv+vvP|vv9@vv=vvQ|vv&GyvvOhd
G}fvv]vv9Apvv,|vv9<vv+"vv%vv9|vv#G@vvqvv9svv9Jpvv,!vvavv9bG@vvqvv9svv+vv?Gyvv(IvvOIG:svvAvvZvv9O*vv?,E\vv9pvv?E]
@vvTvv(*vv?Gyvv"vvRGfvv9JG:SvvAvvDvv}vv9Q*vv?<vv+#GyvvOhdGC]vv+vvqvv?yvv;SvvAvvDvv}vv9QGJ,h<vv+#|vv(G_vv"vv,GyvvOhd
GygQ<+?G}LQi.

6vvvvvHvzvUGyvAvgv9hfyvOhdGBvz+HGyvgvQN,h@vvtvv(e@vv"vv?GyvvAvvgvv9hfGC9[vvvvvG:svvAvvZvv9Oj
<(\hGBa(GJGyA"q+P*?yAa=+uG:@q9s+?G:sAZ9O*?GC(IOI<+#Ohy&.

pvvvv,$vvvvPGGBvvvvZvvvv(U@vvvvtvvvv(eGC|SvvvvTvvvv9JG svvvvz+}vvvv+vvvv?GyvvvvgvvvvQ<vvvv+?hGyvvvvOhy+?hGyvvvvZvvvv"vvvv9O*vvvvu
GC}vv(yvv?,<vv9yvvAvv"vvTvv+vvupvv,|vv9<vv+"vv%vv9yvvAvv}vv(*vv{h@vv"vvqvv+vvP|vvWvvQhfvv9JLvvavv?GyvvAvv"vv}vv+vv?<vv9yvvOhyvv?GCgvv"vv+vv?.
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hpvvv,Svvv=vvv+vvv{\vvv}vvv9f$vvvPgGCWvvv9Q*vvvh*vvvWvvv9Qc<vvvgvvv̂GBvvv=vvvQGAG}Fvvv9!vvv>GC"vvvAvvv}vvv_E]<vvvgvvv̂
GC|SvvvTvvv9JG svvvz+}vvv+vvv?,Lvvv=vvvQGAGyvvvOhdGyvvvgvvvQ<vvv+?GCJvvvz+_<vvv(\vvvhGSvvvAvvvQG@vvv+Gvvv+vvv9JGyvvvAvvv"vvv}vvv+vvv?
GyvvvRQGfvvv+vvv?pvvv,<vvvzvvvOG8vvv~.hsvvvO*vvv}vvvAvvvO$vvvPGGyvvv"vvvWvvv9WGCWvvvAvvvQcE]|vvvQIvvvzvvv?h\vvvhGyvvvTvvv+vvv9Svvv9J
GyRQGf+?h*tZO<Pyx:

vvvvv|vvvTvvv9Gvvv?GC"vvvdvvv}vvv9JGyvvvAvvv"vvv}vvv(*vvv?G svvvz+}vvv+vvv?,fvvvQ<vvv+?ChOhy+?,pvvv,|vvvQIvvvzvvv?;vvvO*vvvO
G}$OGaG:SAQG@+G+?yzA"}+?GyRQGf+?GCQGO;t+t%9.

vvvvv|vvTvv9Gvv?GC"vvdvv}vv9JGyvvAvv"vv}vv(*vv?G svvz+}vv+vv?pvv,h\vvhGSvvAvvQG@vv+Gvv+vv?GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTvAvOG|v?h;vO*vOC$vOGpv%v9hQSv~GBvavbhGyvTv+v9Sv9JGyvRQGfv+v?GC;Fv}v?yvAvJvtv+vuG}$vOGa
GC}vvDvvzvv?<vv=vvQG|vvHRQGfvv+vv?,vvvAvvJvvTvv_GyvvAvvQHhSvv;:JGAvv+vv(G!vv9J,GSvvAvv"vv=vv9WCYvv"vv9afvv9y+?
G !A9L,h@g}+~GCw9pJ?GCAw9|z?Gy=+(y(F+?.

vvvvv@vvgvvQ*vvrh@vv(Yvv+vvrh;vvO*vvOGCWvvQhfvv9JGyvvRQGfvv+vv?GyvvAvv,SvvAvvOLvv{@vvzvvxGyvvTvv+vv9Svv9J
hGy=QG|HGyRQGf+?6Oa;t+uGyA"}+?GCTAOG|?.

h@vgv"v,|vTv9Gv?GC|SvTv9JGyvAv"v}v(*v?GyvgvQ<v+?hG svz+}v+v?hGyvOhy+?pv,GCQIvzv?G}h]
!vv(fvv9

k
|vv#GyvvAvvqvv9$vv~GCWvvAvvQcyvvdvvQhaG@vv9!vv=vv_,CjGyvvOhyvv?hGC"vvdvv}vv9JGC}vv(yvv?,<vvJvv+vvE

@vTvAvav+vhGC"vdv}v9JGC}v(yv?GyvAv"vTv+vu<v+#GyvTv+v9Sv9JGyvRQGfv+v?yvzvOhdGyvgvQ<v+?fv̂GLvAv;a
@v(Fv%v97v9G:svAvZv9O*v?hG:FvAv}v9fv+v?,6vOaLvzvuGC"v9NGC"v9Sv>yvgv}vz+?GyvAv"v}v+v?GyvRQGfv+v?
GCTAOG|?p,Gy(_#GygQN.

C9yD9

k
:Yg(<9J@"}+?Gyta9YGyRQGf,GygQN

|vvv"vvvPCvvvvDvvvQ|vvv#?vvvTvvv_fvvv9|vvv9
k

IvvvOOG:svvvAvvvZvvv9O*vvv(fGyvvvRQGfvvv+vvv(fYvvvgvvv(<vvv9JGyvvvAvvv"vvv}vvv+vvv?
G:svAvZv9O*v?GyvRQGfv+v?Sv(GA|v#Gyv"v9Iv+v?Gyvqv"v+v?Ch|v#Gyv"v9Iv+vAv_G:svAvZv9O*v?hG:FvAv}v9fv+v?,
Ch|vv#Gyvv"vv9Ivv+vv?Gyvvavv=vv+vvgvv+vv?GBvv9Yvv?<vv9 !vvAvv9LGyvvRQGfvv,,pvv9yvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GyvvQCSvv+vv?(GyvvtvvOQI
GC|CvvQIfvv̂R*vv9OIG !vvAvv9Lpvv,hIvvOIGCTvv9Ivv?)@vvAvvavvzvv>@vvjvv+vv+vvQLvvZvv9Fvv[GC(GQOGyvvavv=vv+vvgvv+vv?
hGyv=vWvQ*v?G:svAvZv9O*v?GyvAv,@vAv~|v#Lv;yv%v9Gyvgv}vz+9JG !vAv9Fv+v?,h<v9yvAv9[Kv>@vav(*vQvv{
|vv#:GCwvv"vv"vv?GyvvRQGfvv+vv?,hSvv9Fvv{h_vvQbGyvvQjG:svvAvvZvv9O*vv?,CYvv"vv9aGyvv=vvPhQGCTvvAvvMvvO|vv?,
C!v(GYhvv}v+v9JG}Sv}vOIGC"v9Sv=v?,CSv9y+>hsv9*v?GCJv9Yv+v{hGAv+v(G!v9J,@v(GRfG !vAv9L
Gyvvv"vvv=vvv9OhGAvvv+vvv(GP,@vvvavvv(*vvvQGyvvvgvvv"vvv9*vvv?Gyvvv=vvv+vvvavvvQ*vvv?,GSvvvAvvvMvvvOGeGyvvvOhQGJGyvvvRQGfvvv+vvv?GC;Fvvv}vvv?,
GSvvAvvjvv;dGBvv=vvQGJGCJvvz+?hGyvvgvvQ<vv+?hGyvvgvv9C+vv?,hGyvvgvv}vv{fvv̂GyvvAvvjvv+vv+vvQGyvv(QGCvv,yvvTvv;:J
GCJ9Y+{hGA+(G!9J,<9 \9p?E]GCJ9pd?f^GyA"(YGA+(jhGy=+8,.

C|vv9GyvvAvv"vv}vv+vv?G}pvvtvv+vv?(R*vv9OIG}QG\vv,GCRQhfvv?h<vvMvv9Yvv?GCQh*vv?|vv"vv%vv9),pvv%vv,CvvvDvvQ
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Yvgv(<v?hPyvx<vTv=v>\vMv9|v?IvGv~G:SvAvDv}v9QGyv;Reh_v(dpvAvQIG:SvAvDv}v9QGyvAv,@vR*vO
fvvv#4vvvvv6Svvv"vvv(GJ,hG!vvvMvvvqvvv9VGyvvvgvvv9FvvvO|vvv#fvvv}vvvz+?G:SvvvAvvvDvvv}vvv9Q,hGQ@vvvqvvv9YCSvvvgvvv9Qpvvv(GFvvvO
GyvvvtvvvQhVhG!vvvMvvvqvvv9VCSvvvgvvv9QvvvvDvvv+vvvQ|vvv#GCJvvv9Yvvv+vvv{vvvv9Avvv=vvv(H,E\vvv9pvvv?E]GyvvvZvvvgvvv(<vvv9J
G:FvvAvv}vv9fvv+vv?Gyvv"vv9:vv?fvv#fvv}vvz+?GyvvAvv"vv}vv+vv?G}pvvtvv+vv?hGCAvv}vvDvvzvv?<vvgvv}vvz+9JGyvv%vvGvvQIhG Svvwvv9f
h_vQbEYv;MG}QG\v,yvAvav(*vQ_v9sv97v9,hfvOe@v(GpvQGC+v9g<v9yvWvwv{hGyvwv}v+v9JGyvwv9pv+v?
yvvPyvvx(13).YvvJvv+vvKCfGyvvQsvvgvvvvvv?GCQh*vv?pvv,Gyvv(_vv#GyvvgvvQNsvvOGQ@vvqvvgvvB|vv#6,5|vvz+(f
$vwvAv9Qfv9e1965E]11|vz+(f$vwvAv9Qfv9e1996,hCf|vgvO:JGyvAvTv}v+vOsvOGQ@vqvgvB
pvvv,<vvvgvvv̂GyvvvOhdGyvvvgvvvQ<vvv+?vvvv}vvvZvvvQhSvvv(Q*vvv9!vvvTvvv=vvv+vvv9

k
,E:CfGyvvvAvvvtvvv"vvv+vvv9JGCTvvvAvvvMvvvO|vvv?vvvv9!vvvB

|v"vMvqv]v?fv̂GCTvAv(iGyvgv9e<vTv=v>\vgvrG:SvAvDv}v9QGJGyvRQGfv+v?vv}v9PvvQSv9<vtv9
k

,h!vAvH
f#Pyx@QGFhGyta9YGyRQGf,GygQN,h*g(O$PGGyAQGFhE]Gyg(G|{GyA9y+?:

vvvvvGfA}9O|gd~GyRQGf9JGygQ<+?f^Gy%a(:JGCaQ*?.

vvvvvfOesOQIGCRGQf_f^|(Gv=?GyAtOeGyAw"(y(F,GyRQGf,GCQ@qhGywzq?.

vvvvvR*9OIGyTw9f<"T>@q(bvD+QG
k
!T>R*9OIG !A9LGyRQGf,.

vvvvv@v"v9sv[|vTv9Iv9JG}QG\v,GCMvZvZv?yvzvRQGfv?<vTv=v>fv(G|v{GyvAvZvJvQhGyvAv(Svh
Gyg}QGPhGyAG9Qj.

vvvvv\grGy="+?GyAJA+?p,GyQ*r.

vvvvv\grGBO|9JGy=JD+?hGyAT(*t+?hG QV9O*?.

vvvvvGytZ(Qp,|(GF%?G:IA+9F9JGyA}(*z+?hG:SAD}9Q*?yzta9YGyQ*q,.

vvvvvYvvgvv(<vv?@vv(pvv+vvQGyvvAvv}vv(*vv{Gyvv;ReyvvZvvjvv9QGCRGQfvv_hGAvvQpvv+vv_Gyvvgvv9|vvz+#pvv,Gyvvtvvavv9Y
GyRQGf,f^|TA(iGy(_#GygQN.

vvvvvfOe@"(Y|Z9OQG:FA}9fGC(F%?|#s={G@%9RGCZQp,.

vvvvv@RG*OC!(GYGy]}9!9JyzJZ(df^GCZ9OQGyA}(*z+?.

QG<g9
k

:GSAQG@+G+9JGyAw9|{GyRQGf,h@a(*QGyta9YGyRQGf,GygQN
yvvtvvOCh\vvJvv"vv9pvv,GyvvqvvtvvQGJGyvvTvv9<vvtvv?Ivv9yvv?Gyvvtvvavv9YGyvvRQGfvv,GyvvgvvQNGCAvvOGfvv+vv?!vvTvv=vv+vv9

k

|vvtvv9Q!vv?<vv9yvvOhdGCAvvavv(QIhVvv=vv&GCAvvavv(QI.h@vvgvvQpvv"vv9fvv̂|vv(GsvvhGyvv]vvgvvrpvv+vv&hOhQQCS

(13)Ivv}vv(OG}VvvQe,G:svvAvvZvv9OGyvvRQGfvv,:CSvv9Svv+vv9JhE!vvAvv9LIvv+vv(GP(>vv9I:Fvv9|vvgvv?Gyvv=vvgvvE,vvvz+?Gyvvavv>
Gy=+aQj,|O*Q*?GywA>hGCa=(f9J,1976).
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GC9dGCJvvOhOGCTvvAvvDvv}vvQpvv+vv&,hfvv̂Gyvv(GsvvhGyvvTvv+vv9Svv,hGyvvgvvTvvwvvQjhG:svvAvvZvv9OjGyvvgvv9C,
GAvv9[,(!vvdvv9eGyvvgvv(C?hQvvv9FvvRgG:svvAvvZvv9O*vv?GyvvDvv;K:Gyvv=vv"vvxGyvvOh[,hYvv"vvOhbGyvv"vvtvvO
GyvvvOh[,h|vvv"vvvdvvv}vvv?GyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?)yvvvPG:<vvvOCf*vvvROGO@vvvzCvvvQGyvvvtvvvavvv9YGyvvvRQGfvvv,GyvvvgvvvQN
<v9CAvjv+vQGJGyvOhy+?hG svz+}v+v?G:svAvZv9O*v?hG:FvAv}v9fv+v?,GyvAv,:@v"vgvwvUSvzv=v9

k
,<vWvwv{

Ch<vvv5LvvvQ,fvvv̂G}|vvv#GyvvvjvvvPGFvvv,GyvvvgvvvQNpvvvtvvvb,hE!vvv}vvv9fvvv̂Hvvv}vvv{pvvvQhYG}|vvv#Gyvvvtvvv(|vvv,.
h!vvvdvvvQG

k
E]Cf;vvvtvvv+vvvuG:vvvvAvvvqvvv9AGyvvvPGOGyvvvjvvvPGFvvv,GyvvvgvvvQN\vvvQhQIIvvvAvvv}vvv+vvv?hCSvvv9Svvv+vvv?yvvv~|vvv#

Gyvvtvv(|vv,GyvvgvvQN,pvv;<vvO|vv#@vvjvv+vv+vvQG:SvvAvvQG@vv+Gvv+vv9JGyvvRQGfvv+vv?GyvvtvvavvQ*vv?GyvvgvvQ<vv+?,GyvvAvv,COqi
<vvvgvvv]vvv%vvv9E];vvvtvvv+vvvuG:vvvvAvvvqvvv9AGyvvvPGOGyvvvjvvvPGFvvv,yvvvzvvvgvvvO*vvvO|vvv#Csvvvavvv9Q$vvv9,E:Cfivvv9yvvv=vvv+vvv?$vvvPg
G:SvvAvvQG@vv+Gvv+vv9J|vv9RGyvvB@vvgvvAvv}vvOG}Svv9y+>GyvvQh@vv+"vv+vv?pvv,@vv(pvv+vvQivvPGFvv%vv9GyvvAvv,svv9OJ,
h@t(O,E]@g}+uGyA=g+?GyjPGF+?yzOhdG}F"=+?.

h<vv}vvgvv"vv)BLvvQ,:<vvO|vv#;vvtvv+vvuGyvvAvvwvv9|vvvvvv{GyvvRQGfvv,GyvvgvvQN,EPEfGyvvtvv]vv9Afvv̂
GyvgvGvRGyvjvPGFv,h;vtv+vuG:vvAvqv9AGyvPGOGyvgvQN,$v,fv}vz+?@vAvgvOiIvOhOG |vwv9!v9J
GyvvtvvavvQ*vv?,h@vvAvvavvzvv>@vv(Ivv+vvOG@vv%vv(OGyvvqvvgvvz+?hG:SvvAvvqvv9OI|vv#GC(GQOGCAvv9Ivv?pvv,Gyvv(_vv#
GyvgvQN,LvZv(Yv9

k
h!vJv#!vgv+vXfvZvQGyvAvwvAv;JG:svAvZv9O*v?Gyvwv=vQiGyvPj@vqvtvOpv+v&

GyvOhdGyv]vgv+vqv?hR8v9(Iv9dGyvOhdGyvgvQ<v+?G6f).EPG:<vO|v#G:!vAvtv9d|v#|vQIvzv?
G FvQGAGJGyvtvavQ*v?yvAvJvtv+vuG}|v#GyvjvPGFv,,E]|vQIvzv?G FvQGAGJGyvtv(|v+v?,<vjv̂
Gyvv"vvdvvQfvv#_vvQ*vvtvv?@vvavv=vv+vvu$vvPgG FvvQGAGJ(VvvQvvv9JfvvQ<vv+?|vv(IvvOIyvv5!vvAvv9LGyvvRQGfvv,
h@vTv(*vtv&hEv(*vzv&...GyvN,Chfv#_vQ*vu|v|SvTv9JfvQ<v+?Ivwv(|v+v?...GyvN).yvtvO
CYv=vJvBGAv9Fv?|v9Sqv?yvAvGv9hRGBv;pv9JGCqvAvgvzv?|v#sv=v{Gyvjv+vQ,hGCQhQpv(bG6QGA
GCAvvv=vvv9*vvv"vvv?,hGyvvvgvvv}vvv{fvvv̂E!vvvWvvv9A$vvvPGG _vvv9QGC|SvvvTvvv,6vvvOaGyvvvtvvv]vvv9Afvvv̂GyvvvAvvv=vvvgvvv+vvv?
GyvjvPGFv+v?.h*v}vwv#Gyvtv(dEf|vDv{$vPGG _v9Q*v}vwv#Cf*v=vOC<vWvwv{<vTv+vb|v#GyvAv"vTv+vu
G:svvAvvZvv9Ojvvv9yvvAvvMvvqvv+vv̂|vv#GAvv(GFvvRG@vv}vvQvvv+vv?(vvv}vv9$vv(GAvv9d<vv+#Svv(Q*vv9hyvv=vv"vv9f
<vvvOAG

k
|vvv#fvvv9e1999),hG!vvvAvvv%vvv9Ak<vvv9yvvvWvvvwvvv{G}vvvvDvvvQ@vvvgvvvtvvv+vvvOG

k
vvvvtvvv+vvv9eG:;vvv9OG:svvvAvvvZvvv9Oj

GyvvvgvvvQN(vvvv}vvv9$vvv(GAvvv9dpvvv,ChQh<vvv9GC(IvvvOIGsvvvAvvvZvvv9O*vvv9
k

h|vvv9y+9
k
).hyvvvOiGAvvvO*vvvEfvvv#

GSvvvAvvvQG@vvv+Gvvv+vvv?GyvvvAvvvwvvv9|vvv{GyvvvRQGfvvv,GyvvvgvvvQNpvvv,;vvvtvvv+vvvuG}|vvv#GyvvvjvvvPGFvvv,*vvv}vvvwvvv#Gyvvvtvvv(dEf
fvv(G|vv{!vvGvv9Ivv%vv9,yvv(LvvzvvZvvBGyvv"vv+vv9J,CvvvDvvQ<vvwvvDvv+vvQ|vv#fvv(G|vv{pvvWvvzvv%vv9,pvv}vv#fv(G|v{
!G9I%9:

1vvvvvVvvQfvv+vv?GyvvAvvwvv9|vv{GyvvRQGfvv,GyvvgvvQN;pvv,\vv(AGCAvvjvv+vvQGJGyvvOhy+?GyvvAvv,Cfvvtvv=vvB
G8vv+vv9QG}!vvdvv}vv?G:VvvAvvQGvvv+vv?pvv,OhdGCgvvTvvwvvQG:VvvAvvQGvvv,GyvvTvv9<vvu,hpvv,\vv(AGyvvAvvwvvAvv;J
Gyvvtvv(|vv+vv?hG:svvAvvZvv9O*vv?GyvvAvv,@vv(FvvOpvv,GC"vv9_vvuGyvvgvv9C+vv?GCMvvAvvzvvqvv?Gy+(e,:<vvOyvvzvvJvvwvv(|vv9J
GyvvvgvvvQ<vvv+?|vvv#GyvvvAvvvgvvv9hfGyvvvqvvvgqvvv9dh<vvvMvvv9Yvvv?Cf

q
GyvvvWvvvgvvv>GyvvvgvvvQN:vvv}vvvgvvv&Ivvv]vvv9QIQGFvvvgvvv?hyvvvjvvv?
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hGIvvOIhfvv=vv9OGJSvv}vv9h*vv?svv9dfvv"vv%vv9GC(]fvvRhFvv{:{Ef$vvPgC|vvAvvwvv~C|vv?hGIvvOIhC!vv9
Q<w~p9f=oOhfp}(14).

C*vvv#!vvvJvvv#G6f|vvv#G:;vvv9OG}hQhNPjGyvvvWvvvgvvv(HGCAvvvgvvvOOIhGyvvvzvvvjvvv9JGCAvvvqvvv9h@vvv?,
Ivv+vvE@vvAvvJvvQcfvv"vv9YvvQG !vvAvv9Lpvv,Ohyvv?|vv#Ohfsvv+vv(OChIvv(GFvvR,h|vv8vv9JGC;*vv_|vv#
GyvTvwv9f@vAvgv9|v{<vgv}vzv?hGIvOIh!vJv#!vJvzv~<v9yvgv}vzv?GyvgvQ<v+?GC(IvOI|v"vPCvvDvQ|v#!vZvr
svvQf,hELvv(Gfyvv"vv9pvv,pvvzvvTvvavv_*vvAvvgvv9|vvzvv(f<vv9yvvWvv+vvwvv{fvv(\vv9

k
fvv"vv&.EPG

k
$vv"vv9cFvv9!vv>VvvQfvv,

yzAw9|{GyRQGf,GygQNhv{|#*t(dL;aPyxp%(LZ~yz}q9$+~Gyt(|+?.

2vvvvv@v"v(Yh@v=v9*v#hvv=vQIvGv~GyvDvQhGJGyvRQGfv+v?;hyvtvOh\vJv"v9Pyvx<vWvwv{JvAvZvQ
pvvv,GyvvvqvvvtvvvQIGyvvvDvvv9!vvv+?hLvvv9Yvvv?<vvv9yvvv"vvvTvvv=vvv?E]GC(GQOGyvvv=vvvWvvvQ*vvv?hG}Q\vvv+vvv?hGC9Fvvv+vvv?hGC9y+?,h|vvv9
*v]v9aEy+%v9|v#GC(GQOGyv"vqvav+v?hGBv=vQIGyvgvzv}v+v?hiv+vQ$v9|v#GC(GQOG}LvQi.h$vPGGyvAv"v(Y
hGyvAv=v9*v#pv,$vPgGC(GQOSv+vTv9fvOG}svav9QGyvgvQ<v+?GCMvAvzvqv?fv̂;vtv+vuC$vOGpv%v9GyvtvavQ*v?.EP
*vvgvvAvv=vvQ$vvPGGyvvAvv=vv9*vv#|vv#GCtvv(|vv9JG}Svv9Svv+vv?yvvzvvAvvwvv9|vv{G:svvAvvZvv9OjvvvvvG:FvvAvv}vv9fvv,,h$vv(
GyvOGpvhG}hd!vJv(GyvAvwv9|v{.hyvtvOCOQcG:;v9OG}hQhNPyvx|v"vPCvvDvQ|v#!vZvrsvQf,
f"O|9Sg)E]Es9|?GyT(bG}hQh<+?GCWAQv?,hMA}%9G6f<9:;9OG}hQhN.

3vvvvvGyvvAvv=vv9*vv#pvv,IvvGvv~Gyvvavv9svv9JGyvv=vvWvvQ*vv?;pvv%vv"vv9cOhd@vvgvv9PvvvDvv9pvv?Svvwvv9!vv+?vvv=vv+vvQI
vvv}vvZvvQ,hCLvvQiPGJvvvDvv9pvv?Svvwvv9!vv+?\vvgvv+vvqvv?vvvOhdGBvvz+H,|vv9*vvWvvGvvhfvv̂GyvvAvvtvv9QH
yvvAvvJvvtvv+vvuGCZvv9yvvKGCAvv=vv9Oyvv?LvvZvv(Yvv9

k
p

k
vv,Gyvvtvvavv9YGyvvRQGfvv,,pvvz+=vv+vv9hGyvvTvv(OGf|vvDvv;

k
yvvO9vv}vv9

|vTv9Iv9JVv9Svgv?|v#G}QG\v,GyvRQGfv+v?iv+vQGCTvAvjvzv?!vdvQG
k

E]fvOe@v(pvQGyvgv}v9yv?hQCS
GC9d,pvv,Ivv_@vvAvv(GpvvQGyvvgvv}vv9yvv?pvv,|vvZvvQhSvv(Q*vv9hG}QOfhGy+}vv#,h*vvAvv(GpvvQQCSGC9d
p,OhdGBz+HGygQN.

4vvvvvGLvvAvv;aG |vvwvv9!vv+9JGCAvv(GpvvQI|vv#svvavvQE]BLvvQ;*vvgvvAvv=vvQfvv9|vv;
k
|vvWvvGvvgvv9

k
 svv9|vv?

@vwv9|v{RQGfv,@vTvAvav+vhpv,E_v9QgGyvOhdPGJGyvgvGvRGC9[GAvZv(dfv̂GyvAv}v(*v{Gyv;Re
yvvzvv}vvWvv9Q*vvhGyvvRQGfvv+vv?GCMvvZvvZvv?yvvAvvJvvtvv+vvuG}|vv#GyvvjvvPGFvv,,vvv}vv9@vvAvv}vvwvv#GyvvOhdPGJGyvv(pvvQ
GC9[|#GSAD}9QC|(Gy%9p,|D{$PgGCW9Q*h.

5vvvvvIvvvGvvv~GyvvvTvvv(bGyvvvgvvvQ<vvv+?Gyvvvwvvv=vvv+vvvQ;hvvvv}vvv9PvvvvQ!vvv9B!vvvqvvv9
k
pvvv{fSvvvwvvv9fGyvvv(_vvv#GyvvvgvvvQN

*vvR*vvOhfG6ffvv#298|vvz+(fpvvQO,h|vv#GCAvv(svvh|vv]vv9fvvqvv?$vvPGGyvvgvvOOfvv9e2030,Cj
$vvv"vvv9chpvvv(QGJLvvv9QFvvv+vvv?@vvvAvvv9M!vvvAvvv+vvvGvvv?yvvvzvvvAvvvgvvv9|vvv{|vvvhGyvvv(IvvvOGJG !vvvAvvv9Fvvv+vvv?pvvv,G}svvvavvv9Q
GCAw9|z?p,GyT(bGyRQGf+?f^|TA(iGy(_#GygQN.

(14)GytQBfGywQ*~,zS(QIG}!=+9A,yG6*?92.
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6vvvvvGyvv(pvv(QGJGyvv"vv9:vv?fvv#GyvvAvvMvvZvv[pvv,GCWvv9Q*vvhGyvvRQGfvv+vv?PGJG !vvAvv9LGyvvwvv=vv+vvQ
GAvvGvv~;GyvvAvv,*vvAvv+vvJvv%vv9GyvvAvvwvv9|vv{G:svvAvvZvv9Oj<vvAvvavv(*vvQRQGfvv9J|vv(Fvv%vv?E]GyvvTvv(bGyvvgvvQ<vv+?
yvvAvvzvv=vv+vv?Ivv9Fvv9JGCTvvAvv%vvzvvwvv_pvv+vv%vv9.hIvv+vvEEf$vvPgGCWvv9Q*vvh:@vvAvv9MyvvzvvOhdpvv,E_vv9Q$vv9
GyA"}(jGytaQj,p=9yA9[$,|#Gyg(G|{GCWGg?f^s+9eGyAw9|{.

C|9|g(s9JGyAw9|{G:sAZ9OjGyRQGf,pAAGTOp,G}|(QGyA9y+?:

1vvvvvGLvvAvv;aG}!vvdvv}vv?GyvvTvv+vv9Svv+vv?pvv,GyvvOhdGyvvgvvQ<vv+?;hh\vvgvv%vv9GCZvvzvvJvv?GyvvtvvavvQ*vv?
G6!vvvv+?pvvvv(bGCZvvvvzvvvvJvvvv?Gyvvvvtvvvv(|vvvv+vvvv?,hivvvvzvvvv=vvvv?Gyvvvvgvvvv;svvvv9JGyvvvvDvvvv"vvvv9Fvvvv+vvvv?fvvvv̂Gyvvvvgvvvv;svvvv9JGCAvvvvgvvvvOOI
G}_QGa,hG:$A}9e<9CW9v{GytaQ*?f^IT9HGyg}{Gyt(|,.

2vvvvvGLvvAvv;aG}!vvdvv}vv?G:svvAvvZvv9O*vv?;h|vv9*vvAvvQ@vv>fvvz+%vv9|vv#Svv+vv9Svv9Jh@vv(Fvv%vv9J
GsvvAvvZvv9O*vv?@vvAvvgvvzvvu<vvAvv"vvdvv+vv~GAvv+vv9IG:svvAvvZvv9O*vv?Lvv;d!vvZvvrGyvvtvvQfG}Lvv+vvQGyvvAvv,G!vvgvvwvvTvvB
<Ww{hG\Kf^G@(G!>GyT+9S+?hG:FA}9f+?hIA)GyjPGF+?..

3vvvvvGLvvvAvvv;aIvvvGvvv~hsvvv+vvv}vvv?GC"vvv9pvvvhGCAvvv(svvvgvvv?|vvv#GyvvvAvvvwvvv9|vvv{;pvvvwvvvzvvv}vvv9vvvv=vvvQJGC"vvv9pvvvh
GCAvv(svvgvv?\vv}vvQJGyvvgvvtvv=vv?,hGyvv(GsvvhCfGC"vv9pvvhvvv=vv+vvQIFvvOG

k
yvvzvvAvvwvv9|vv{GyvvRQGfvv,GyvvgvvQNpvv,

JAzrG@(G!>GyjPGF+?hG:sAZ9O*?hG:FA}9f+?.

4vvvvvGyvvvdvvvQhaGyvvvOhy+?hG svvvz+}vvv+vvv?Gyvvv"vvv9:vvv?fvvv#!vvvdvvv9eGyvvvgvvv(C?;h|vvv9*vvvQ@vvv=vvvb6vvv9|vvv#
|vgvav+v9JSvQ*v?hfvzv"v+v?@vTv9$v~pv,fvQsvzv?Fv%v(OGyvAv"vTv+vuhGyvAvgv9hf<v+#G}svav9QGyvgvQ<v+?,
yA=t);B$+}"?GyOhdGCAtO|?.

5vvvvv@vqv]v+v{GyvAvgv9|v{|vhGyvOhdG}Fv"v=v+v?fv#GyvAvgv9|v{|vhGyvOhdGyvgvQ<v+?;y+Upv,
H9dGyRQGf?hGyjPGA,<{p,GCG9:JG}LQiC*]9

k
.

hyw,@"GKGSAQG@+G+?GyAw9|{GyRQGf,GygQN:<O|#:

vvvvvh\vv(MhCvv=vv9Jh@vv(Ivv+vvOGyvvtvv(G!vv+#hGyvvAvvWvvQ*vvgvv9JGCAvvgvvzvvtvv?<vv9yvvtvvavv9fvv9JGyvvRQGfvv+vv?
GygQ<+?S(GA|#I+EGCzw+?GyRQGf+?Ch|#I+E!d~G !A9LhGyAT(*uhGyA}(*{.

vvvvvERGy?Gyg(GFuGytaQ*?<}9*|OjE]E@9I?!}(GCW9Q*hGyRQGf+?GCWAQv?.

vvvvvEKvv9O_vvQbEvv(*vv{h@vv(Fvv+vv&G:SvvAvvDvv}vv9QGJ!vvJvv(G}hyvv(*vv9Jpvv,Gyvvtvvavv9YGyvvRQGfvv,,
pvv9yvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hGy+9<vv9fGSvvAvvMvvO|vvAvv9!vvdvv9eOfvv~G:SvvAvvDvv}vv9QGyvvRQGfvv,<vvJvv+vvE
:*vvAvvzCvvQ<vv9yvvAvvtvvzvv=vv9JGyvvTvvgvvQ*vv?GCJvvz+?ChGyvvOhy+?.hCOi$vvPGGyvv"vv(Y|vv#GyvvOfvv~E]Svv+vvavvQI
Gyv(:*v9JGCAvJvOIG}|vQ*vwv+v?fv̂:v9QIGyvjvPGA<v}v9@v"vAvGv&|v#vv}v+v9Jvv=v+vQI|v#GAv=v(H.
vvv}vv9COi$vvPGGyvv"vv(Y|vv#GyvvOfvv~E]GSvvAvv}vvQGQGCRGQfvv_Gy+9<vv9!vv+_pvv,RQGfvv?G}QRGyvvPj
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*vvv"vvvAvvvHh*vvv=vvv9Y<vvv}vvv9*vvvgvvv9Od2000Oh:Qyvvvzvvvavvv#,pvvv,Ivvv_CfSvvvgvvvQgGyvvvgvvv9C,*vvvgvvv9Od300
Oh:Q@tQ*=9

k
.

h*vvtvv(O$vvPGGyvvAvv(Fvv&pvv,G:SvvAvvDvv}vv9QGyvvRQGfvv,E]@vv(Fvv+vv&fvv(G|vv{GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?E]
;vvtvv+vvuGyvv]vvQhQ*vv9JGyvvjvvPGFvv+vv?Ch:

k
,Cvv~GAvv9Fvv9JGyvvjvvPGFvv+vv?Cvv9!vv+9

k
,Cvv~Gyvvwvv}vv9y+9JGyvvjvvPGFvv+vv?

C9yD9

k
.

*vgvav,GyvgvQVGyvTv9<vuyv(GsvhGyvtvav9YGyvRQGfv,GyvgvQNhOhQG:SvAvDv}v9QGJGyvRQGfv+v?
pvv,@vv"vv}vv+vv?hGIvvAvv}vv9:JGyvvAvvwvv9|vv{GyvvRQGfvv,GyvvgvvQNhSvvbGCAvvjvv+vvQGJGyvvOhy+?hG svvz+}vv+vv?,
vv9yvgv(C?hGyvAvJv9yvqv9JG svz+}v+v?,Yv(QILvavQI |vwv9!v+?;vtv+vuG}|v#GyvjvPGFv,GyvgvQNpv,
Gyvvgvvtvv(OGyvvtvv9O|vv?,|vv9D*vvAvv~@vvwvv9|vv{RQGfvv,fvvQNpvvgvv\,h|vv9D@vvAvv(IvvOGCZvv9OQGyvvAvv}vv(*vvz+?
GyvvgvvQ<vv+?yvvAvvgvvavv,svvQGQGJSvvQ*vvgvv?h|vv(IvvOI<vvzpvv]vvz+?Gyvvtvvavv9YGyvvRQGfvv,GyvvgvvQN,|vv#Ivv+vvE
GAvvvZvvv(dfvvv̂G:SvvvAvvvDvvv}vvv9QGJC(Gvvvv=vvv?GyvvvDvvv(QIGyvvvgvvvzvvv}vvv+vvv?GAvvvO*vvvDvvv?,Cvvv(QIGyvvv%vvv"vvvOSvvv?Gyvvv(QGCvvv+vvv?
hGyAt9!9JGA+(*?,hGCJ9pd?f^GyA"(YGA+(jp+%9.

Ef@vav(*vQGyvtvav9YGyvRQGfv,GyvgvQNyvAvJvtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?h<v9yvAv9[G}|v#
GyvvjvvPGFvv,GCTvvAvvOGe,hSvvbGyvv%vv+vv}vv"vv?GyvvjvvQ<vv+?fvv̂GCGvvAvv}vvhGyvvOh[hGyvvgvvQN,y+UCsvv{CGvv+vv?
|v#Gyvwvqv9MGyvTv+v9Sv,hGyvgvTvwvQjhG:svAvZv9OjOpv9fv9

k
fv#GC(GQOGyvgvQ<v+?hE<vtv9A$v9<vgv+vOI

fvv#|vvAvv"vv9hdGBvvZvv~\vv}vv9!vv9
k
yvv~Fvv+vv9dGyvvtvv9O|vv?.$vvPGGyvvwvvqvv9M*vvAvvavvzvv>|vv"vv9@vvgvv]vv+vvOGCDvv{

GyvWvgv=v,Gyvtv9Fv{:zC!v9hCLv,fv̂G<v#fv}v,hC!v9hG<v#fv}v,fv̂GyvjvQ*v>y,EPG!vgvwvU,
|hG}Sr,$PGGCD{I9y+9

k
p,Gy(_#GygQN.

E\v9pv?E]|v9Sv=vu,!vQiCf|v#Gyv]vQhQIG}LvP<v9yvAv(Yv+v9JGyvAv9y+?yvAvJvtv+vuGAvO
G}O!)|#GyA]9|#GygQNf^GCTA(iGyRQGf,.

vvvvvEKvv9OGyvvZvv+vvkGyvvAvvgvv9h!vv+?<vv+#GyvvOhdGyvvgvvQ<vv+?yvvAvvz|vv_GCMvvRhfG:SvvAvvQG@vv+Gvv,GyvvjvvPGFvv,
Gy]QhQjyz}GA}hGygQNp,GCOiGytZ+Q.

vvvvv\vQhQIG<v9PG FvQGAGJGyvAv}v%v+vO*v?yvzvAvwv9|v{GyvRQGfv,GyvgvQNpv,Hv9:JG !vAv9L
GyRQGf,hGyAT(*uhGyAZ"+h,h@(I+OGyAWQ*g9JGB9Y?<Pyx.

vvvvv\vvQhQI@vv(Ivv+vvOGCZvv9OQGyvvAvv}vv(*vvz+?GyvvgvvQ<vv+?vvvMvvavv(ICSvv9Svv+vv?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTAOG|?.

vvvvv@vvqvv]vv+vv{GyvvAvvgvv9|vv{|vvhGyvvOhdGyvvgvvQ<vv+?fvv̂GyvvAvvgvv9|vv{|vvhGyvvOhdG}Fvv"vv=vv+vv?pvv,=vv+vvh
G@(G!>GyRQGf+?yz(_#GygQN.
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˙�HBq˙�d˙�l�Ad

G9uHvlG9LcGFvwG9KX9QvwhG9Kd(vvw

hG9@RQTvvvZG9eQG4TvvvZG9QE@bG:vvvZ
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|OLvvv{

|vv#Gyvv=vvOG$vv?<vv}vvwvv9fh!vvJvv#!vvTvvAvvgvvQVGyvvgvv(G|vv{Gyvvqvv9fvvzvv?pvv,;vvtvv+vvuGyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?
GCTvAvOG|v?,Cf!vAvgvQafv̂hGsvhGyv(\vhGyvjvPGFv,Gyvgv9C,hGyvgvQN.pv,$vPGGyvqvZv{!vgvQV
yvvvzvvv}vvv;|vvvKGyvvvgvvv9|vvv?yvvvgvvvQVh_vvvzvvv>$vvvPGGyvvvjvvvPGApvvv,vvvv{|vvv#Gyvvvgvvv9DhGyvvv(_vvv#GyvvvgvvvQNLvvv;d
Gyvvgvvtvv(OGyvvDvv;Cvv?G}Lvv+vvQI|vv#GyvvtvvQfGyvvgvvWvvQ*vv#,hvvvPyvvxGyvvgvvtvv(OGyvvDvv;Cvv?Gyvvtvv9O|vv?|vv#GyvvtvvQf
GAv9[(Gyv(GIvOhGyvgvWvQ*v#),Iv+vESv+vAvGv9hRSvwv9fGyvwvQIG}Q\v+v?Cv}v9!v+?<v;*v_!vTv}v?,
Cj<vR*v9OIsvOQ$v92,5<vz+(fpvQOLv;dQ<vhGyvtvQfGyvtv9Oe(fv9e2025).h*vtvQvv{<v9IvE
<vzf

q
|vgvdv~$vPgGyvR*v9OISvAvwv(fpv,HvAv}vgv9JGyvOhdGyv"v9|v+v?,Cjpv,sv9QGJBSv+v9hCpvQ*vtv+v9

hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?,vvv}vv9!vvgvvzvv~(1).h@vv=vvgvv9
k
yvvPyvvxSvv+vvAvv]vv9fvvr_vvzvv>GyvvjvvPGAGyvvgvv9C,pvv,Gyvvgvv9e

G}L+QGCPv(Q,<T=>v{|#Gy"}(GyTw9PhGyAJ]QhR*9OIGyOL(d.

ERGA$vvPGG:@vvqvv9bGyvv(GSvvh|vv#Fvv9!vv>Gyvv=vv9IvvDvv_G:svvAvvZvv9O*vv_hG:FvvAvv}vv9fvv+vv_fvv̂
Fvv9!vv>Gyvvavvzvv>Gyvvwvv=vv+vvQyvvzvvjvvPGAGCTvvAvvtvv=vv\,$vv"vv9cG@vvqvv9bIvvOhO<vv+#$vv|:AGyvv=vv9IvvDvv_fvv̂
|vOisvOQIfvQVGyvjvPGACtv9<vzv?Gyvavzv>yvzvqvAvQI!vqvTv%v9.h@vAvQGhMIvOhOGyvQD*v?<v+#!vdvQ*v?
|vvvAvvvqvvv9Fvvvzvvv?@vvvtvvv(dE!qvvv&:@vvv(FvvvO|vvvWvvvwvvvzvvv?(There is no Problem),h<vvv+#Gyvvv"vvvdvvvQ*vvv?GC9yvvvAvvv(Svvv+vvv?
Gyvvvtvvv9Fvvvzvvv?:z|vvv9D@vvvAvvv~GyvvvTvvv+vvvavvvQIGyvvvqvvv(Q*vvv?fvvv̂GyvvvTvvvwvvv9fhpvvvgqvvv9y+97vvv~pvvv;<vvvO|vvv#IvvvOhK
Gyvvvvvwvvvvv9<vvvvv(SGyvvvvv(Vvvvvv+vvvvvxGyvvvvv(svvvvv(Yy(The Imminent Arrival Of The Malthusian Nightmare

Unless Effective Population Control Is Implemented Immediately).

E!vv"vv9!vvJvv9hdpvv,$vvPGGyvvqvvZvv{fvvQVhFvv%vv9JGyvv"vvdvvQGCAvvqvv9Fvvzvv?hGCAvvWvv9Fvv}vv?fvv̂GyvvTvv(GA
yv=v+v9fFv9!v>fvQVGyvjvPGA,|v#Lv;d@vav=v+vu|vqv9$v+v~GyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?,E\v9pv?
E]<v+9f_vzv>GyvjvPGAGCtv9<v{yvPyvx,|vhGyvAvPvv+vQ<vzf

q
QD*v?Sv(AGyvAvjvP*v?C8v9JGC;*v_|v#

GyvTvwv9f|v9RGyvBIv9y+9
k

:vzvUpv(bYvOhQGyv=v9IvDv_G:svAvZv9O*v_hG:FvAv}v9fv+v_Gyvgv9C+v_

(1)N. Alexandratos, «The Outlook for World-food, Agriculture to Year 2010,» paper presented

at: Population and Food in the Early Twenty-first Century: Meeting Future Food Demands of an Increasing

Population, edited by Nurul Islam (Washington, DC: International Food Policy Research Institute

(IFPRI), 1995).
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hGygQH,EPK>E_g9esQG<?<z+(PpQOL;dGygtO*#Gyt9O|_f^G}s{.

yvtvOCFvQ*vBOQGSv9JfvO*vOIIv(d_vzv>hfvQVGyvjvPGAGyvgv9C,GCTvAvtv=v\|v#vvDv+vQ
|vvvv#GC"vvvvdvvvv}vvvv9JhGCQGvvvvvRGyvvvvOhy+?hpvvvv,|vvvvtvvvvO|vvvvAvvvv%vvvv9OQGSvvvv9J|vvvv"vvvvdvvvv}vvvv?G}ivvvvP*vvvv?hGyvvvvRQGfvvvv?
GyvvOhy+?,hOQGSvv9JGyvv=vv"vvxGyvvOh[,hOQGSvv9J|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGAGyvvgvv9C,,
E\vv9pvv?E]GyvvOQGSvv9JG svvz+}vv+vv?hGyvv(_vv"vv+vv?yvvzvvgvvO*vvO|vv#GyvvOhdGyvv"vv9|vv+vv?,pvvgvv̂Svv=vv+vv{GCDvv9d
Vvvv}vvvzvvvBOQGSvvv?|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?:zGyvvvRQGfvvv?IvvvAvvv)fvvv9e2010yGyvvvAvvv,
CFvvvQ*vvvBfvvv9e1993;vvv9y+{h@vvv(svvvgvvv9J_vvvzvvv>hfvvvQVSvvvzvvvhvvvvDvvv+vvvQI(52Svvvzvvvgvvv?!vvv=vvv9@vvv+?
hIvv+vv(G!vv+?yvvAvvJvvz+{_vvzvv>GyvvjvvPGA,h32Svvzvvgvv?yvvAvvJvvz+{GyvvgvvQVhGyvvavvzvv>,h40Svvzvvgvv?
yvvAvvJvvz+{G !vvAvv9L),vvv}vv9ivva

q
vvBGyvvOQGSvv?127Ohyvv?|vv"vv%vv934Ohyvv?|vvAvvavv(QIh93Ohyvv?

!9|+?p9bSw989=+g9
k

98,5p,GC8?|#Sw9fGyg9D(2).

Ef
q

pvvGvv(IGyvvAvvtvvOehGyvv"vvGvv9M<vv+#GyvvOhdGyvvZvv"vv9fvv+vv?h<vv+#|vvgvvdvv~GyvvOhdGyvv"vv9|vv+vv?,<vv}vv9
pvv+vv%vv9OhdChQh<vv9GyvvWvvQsvv+vv?Svv9<vvtvv9

k
,@vvAvvTvvh<vv9SvvAvv}vvQGQ.pvv9yvvavv=vvtvv?G}vvvDvvQivv"vv)pvv,Gyvvgvv9D(20

pvv,GC8vv?|vv#Svvwvv9!vv&@vvtvvQ*vv=vv9
k
),;vvZvv{fvv̂82,7pvv,GC8vv?|vv#OLvv{Gyvvgvv9DG =vv9[,pvv,

Ivv_CfGyvvavv=vvtvv?G}vvvDvvQpvvtvvQG
k
pvv,Gyvvgvv9D(20pvv,GC8vv?|vv#Svvwvv9!vv&C*vv]vv9

k
);vvZvv{fvv̂1,4

pv,GC8v?|v#OLvzv&.C|qv9Svwv9fGyvgv9DGyvvvvv60pv,GC8v?Gyv=v9sv(fpv+vJvZvzv(ffv̂Gyv"vTv=v?GCAv=vtv+v?
|#GyOL{Gyg9C,hsOQ$915,9p,GC8?(3).

h*v(\qvKGyvgvO*vO|v#GC|VvQGJfv̂Cf
q

$vPGGyvAv=v9*v#G:FvAv}v9fv,GAv9O,|vhGyvAvO|v+vQ
GCTvvAvv}vvQyvvzvv=vv+vv8vv?,*vv}vvDvv;fGBvvavvQG@vv9OyvvzvvTvv;e|vvTvvAvvtvv=vv;

k
,pvv{PGpvvtvvOJivv9yvv=vv+vv?Svvwvv9fGyvvwvvQI

G}Q\vv+vv?Gyvvqvvtvv+vvQIG}|vv{<vv9AvvZvv(dfvv̂GyvvOLvv{GCgvvtvv(dGyvvPj*vv||vv#|vvAvvavvzvv=vv9JIvv+vv97vv~
G}Svvv9Svvv+vvv?,pvvvTvvv(a;vvvQqVGyvvv"vvvRGfvvv9JGCO!vvv+?$vvv|:AGyvvvqvvvtvvvQGAGCJvvvQh|vvv_hSvvv(a@vvvROGO
Gyv"vRGfv9JhGCGv96v9JGyvOhy+?fv"vqv9

k
pv,GAvZv(dfv̂GC(GQOGyv"v9OQI,hSv(a@vtv(O$vPg

Gyg9s=?ChGy"A+G?E]@O|+Qv=+Qyz}(_#hE]GyqtQhGy%GQIGy(GSg?.

pvv,Gyvv(GsvvhFvv9AJ|vv|EvvQGJsvv}vv?G}QVpvv,Gyvv=vvQGR*vv{fvv9e1992,hGyvvTvvwvv9f
hGyvAv"v}v+v?pv,|vZvQfv9e1994,hGyvAv"v}v+v?G:FvAv}v9fv+v?hG:svAvZv9O*v?pv,GyvOG!v}v9Qcfv9e

1995,hGC"vv9Npvv,CC9!vv+9fvv9e1995,hGCQCIpvv,GyvvZvv_fvv9e1995vvvvvGyvvAvv,;vvOCvv"vv9
fvv"vv%vv9Svv9<vvtvv9

k
vvvvvhivv+vvQ$vv9|vv#GC|EvvQGJ,Ivv9h:J:SvvAvvMvvQGLHvv}vv(fvv?|vv#GyvvAvv(Yvv+vv9J

Cgvvv9@vvv?|vvvWvvv9vvvv{GyvvvqvvvtvvvQhG:!vvvqvvvGvvv9QGyvvvTvvvwvvv9PhGyvvv%vvvGvvvQIhGyvvvAvvv"vvv}vvv+vvv?G:svvvAvvvZvvv9O*vvv?hSvvv(A

(2)GCZOQ!qT&.
(3)K. M. Leisinger, «Sociopolitical Effects of New Biotechnologies in Developing Countries,»

(2020 Vision; Brief 35, International Food Policy Research Institute (IFPRI), Washington, DC, 1996).
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GSAj;dGC(GQOGya=+g+?,6OaGCJ9pd?f^v(v>G}QVhGA+9Ifz+&.

Ch:
k

:Gy(\hGyjPGF,Gyg9C,

1vvvvvGy(\hGyjPGF,Gyg9C,p,Gygt(OGyD;C?GC9\+?
|vv"vvPCfvvvAvv>|vv9yvvAvv(S(Malthus)fvv9e1798|vvtvv(yvvAvv&Ivv(d|vv=vvOEGyvvTvvwvv9fhCCvvQ$vv~

pvvv,@vvvavvv(Q|vvvTvvvAvvvtvvv=vvv{GCGvvvAvvv}vvvhGyvvvOh[,Qv
q
vvvRJGC"vvv9svvvWvvv9Jfvvv̂G}CvvvQ<vvv+#fvvvQVGyvvvjvvvPGA

(Ivvv+vvvEGyvvvR*vvv9OIfvvvOO*vvv?)h<vvv+#GyvvvTvvvwvvv9f(Ivvv+vvvEGyvvvR*vvv9OICSvvvTvvv+vvv?).yvvvtvvvO@vvvzFvvvzvvvBGCJvvv"vvv?
GC9yvAv(Sv+v?fv}vz+9

k
<vqv]v{GyvAvwv"v(yv(Fv+v9GAvO*vDv?Ch|v9C_vzvufvz+%v9GyvDv(QIGBv]vQGA,E\v9pv?

E]fvvv}vvvz+9JGSvvvAvvvZvvv;MG}QG\vvv,hQ9qvvv9hGSvvvAvvvDvvv}vvv9QQCSGC9dpvvv+vvv%vvv9,hyvvvwvvv#E]|vvvAvvv)
S+TA}Q$PGGyAzF+{?

yvvvtvvvOhFvvvOsvvvzvvvuhG\vvvKIvvv(dsvvvZvvv(QGyvvvjvvvPGAhVvvv+vvvxGAvvvOhK<vvvgvvvOGAvvvQHGyvvvgvvv9C+vvv?
GyvvDvv9!vv+?|vv=vv9VvvQI,pvv9<vvPJEFvvQGAGJIvvOOIyvvR*vv9OIE!vvAvv9LGyvvjvvPGAhR*vv9OICfvvOGOGAvv+vv(G!vv9J
Lv;dGBv}vTv+"+v9JhGyvTvAv+"+v9J.hLv;dGyvqvAvQI1995vvvvv1996COJ|v(FvAv9f|v#GyvQ*v9M
GC(Svv}vv+vv?pvv,Fvv"vv(HBSvv+vv9E]<vvgvvEGyvvtvvzvvuHvvOOG

k
Ivv(dIvvOhKHvv9fvv?|vv9pvvAvv"vv=vvzvvv{|vv#:

h*vvvvz+9eh<vvvv(d<vvvv9Ohc(William and Paul Paddock)<vvvvJvvvvOhKHvvvv9fvvvv?fvvvv9e1975,E:Cf
|vv9yvvAvv(S<vvtvv,<vvgvv+vvOG

k
<vvTvv=vv>vvv=vvQIvvGvv~G !vvAvv9LGyvvRQGfvv,.hyvvwvv#<vv+q"vvBSvv"vv(GJ1972vvvvv

1994@vv(GpvvuG}IvvOGK,Ivv+vvEhFvvOsvvZvv(Qpvv,G !vvAvv9Lpvv,|vv"vv9_vvufvvO*vvOI|vv#Gyvvgvv9D,
vv}v9@v(SvhGyvavzv><vWvwv{SvQ*vhh<vMv9Yv?Gyvavzv>Gyv(GQO|v#G:;v9OGyvTv(pv+v9OGyvTv9<vu,|v9
COiE]|vv]vv9fvvqvv?CSvvgvv9QGAvv=vv(HCvv;K|vvQqGJLvv;dCvv}vv9!vv+?CVvv%vvQpvvtvvb.h@vv=vvzvv(QCCvvQPyvvx
p,sZ(QE!A9LGyjPGA,hCLPG:sAZ9O*(f*A"=zhf<d%(QCR|?GyjPGAGyg9C+?(4).

pvv,fvv9e1988G$vvAvv}vvBGyvvOhdGCAvvavv(QI<vvR*vv9OIfvvQVGyvvjvvPGAGyvvgvv9C,,|vv9COi
E]<vvQhOIGC"vv9svvWvv9JIvv(dGyvv(\vvhGyvvjvvPGFvv,pvv,GyvvOhdGyvv"vv9|vv+vv?.E:Cf

q
$vvPgGC"vv9svvWvv9J

fv9OJE]GC(GFv%v?|vh|vavzvhGyvgvtvOG}Lv+vQ|v#GyvtvQfGC9\v,h<vMv9Yv?pv,GC"vdv}v9J
GyvvOhy+?.h<vv9yvvQivv~|vv#Cf

q
!vvTvv>!vv}vv(GyvvjvvPGALvv;dGyvvgvvtvv(OG}Q<vvgvv?G}Lvv+vvQI(1960vvvvv

2000)@vvgvvavv,G:!vvavv=vv9Y<vvgvvOehFvv(OCSvv=vv9Hyvvzvvtvvzvvufvv̂fvvQVGyvvjvvPGAGC]vv}vv(f,
Ivv+vvE!vvTvv>GyvvR*vv9OGJpvv,GC"vvAvvGvv9JGyvvjvvPGFvv+vv?pvv,GyvvOhdGyvv"vv9|vv+vv?yvvzvvqvvAvvQIGCPvvv(QIpvv9svvB
!vTv>!v}v(GyvTvwv9f,E:Cf

q
$vPgGyvZv(QIG =v9y+?y+TvBYvJv+vJv?hpvtv9

k
yv5IvZv9AGJ

G svvvz+}vvv+vvv?hGCJvvvz+?yvvvzvvv(\vvvhGyvvvjvvvPGFvvv,hGyvvvRQGfvvv,pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?,Ivvv+vvvEFvvv9Apvvv,

(4)William Paddock and Paul Paddock, Famine-1975! (Boston, MA: Little, Brown and

Company, 1976).
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OQGS?|"d}?G}iP*?hGyRQGf?GyOhy+?:zGyRQGf?IA)f9e2010yGyA9[(5):

Cvvvvvpvvv,26Ohyvvv?|vvv#CYvvv{40Ohyvvv?PGJGyvvvOLvvv(dGC"vvvMvvvqvvv]vvv?,hvvvvPyvvvxpvvv,26
@vvtvvQ*vvQG

k
|vv#CYvv{50@vvtvvQ*vvQG

k
|vv#@vvtvv9Q*vvQGyvvOhdPGJGyvvOLvv{GCAvv(SvvbhGyvvgvv9[,G!vvMvvqvv̂

|vv9*vvgvv(OyvvzvvqvvQO|vv#GC"vvAvvGvv9JGyvvjvvPGFvv+vv?<vv+#fvv9|vv,1979h1991,vvv}vv9@vv"vv9svvZvvBOQFvv?
G:vvvAvvqvv9AGyvvjvvPGFvv,GyvvPGOpvv,|vvgvvdvv~OhdGyvvtvv9QIG}pvvQ*vvtvv+vv?hpvv,|vv"vvavvtvv?GyvvWvvQbG}hSvvb,
h<M9Y?p,GA=(H<9fA=9Q$9G}vDQCG+?p,|g+W?GyTw9f.

HvvvvvyvvtvvO@vv"vv9svv[Gyvv"vv}vv(GyvvTvv"vv(jyvvjvv;dGyvv%vvwvvAvv9Qpvv,Ivv9Yvv+vv{GAvv=vv(HhG}QRpvv,
E!vAv9Fv+v?|vgvdv~G}QG\v,GCRQhfv?pv,BSv+v9,h<vMv9Yv?@vzvxGyvAv,RQfvB@vwvDv+vqv9

k
pv,fvOO

|v#GyvTv"v(GJGCAvAv9y+?.h<vJvTv>hFv%v?!vdvQ|v"vdv}v?G}ivP*v?hGyvRQGfv?GyvOhy+?,pv{f
q

$vPG
G::9gS(a*TA}Qp,GytQfGy(GIOhGygWQ*#.

Lvvvvvpv,Gyv(svBGyvPj*vROGOpv+v&Svwv9fGyvgv9DCvvDvQ|v#250CyvrpvQO*v(|v+v9
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(5)Food and Agriculture Organization (FAO), «Agriculture: Towards 2010,» (Conference

Paper C-93/24, Rome, Italy, 1993).

(6)Leisinger, «Sociopolitical Effects of New Biotechnologies in Developing Countries».
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GCZvvvvvvvvvvvvvvvOQ:N. Alexandratos, «The Outlook for World-food, Agriculture to Year 2010,» paper

presented at: Population and Food in the Early Twenty-first Century: Meeting Future Food Demands of an

Increasing Population, edited by Nurul Islam (Washington, DC: International Food Policy Research

Institute (IFPRI), 1995).

(8)Alexandratos, «The Outlook for World-food, Agriculture to Year 2010».
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(9)Food and Agriculture Organization (FAO), World Food Model: Model Specification (Rome:

FAO, 1993).
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(10)Alex F. McCalla, «Agriculture and Food Needs to 2025: Why We Should be Concerned,»

(Sir John Crawford Memorial Lectures, Consultative Group on International Agricultural Research

(CGIAR), World Bank, Washington, DC, 1994).
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(11)Leisinger, «Sociopolitical Effects of New Biotechnologies in Developing Countries».

(12)Pierre R. Crosson and Jock R. Anderson, Resources and Global Food Prospects, Technical

Paper; no. 184 (Washington, DC: World Bank, 1992).
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(14)Ian Carruthers, «Going, Going, Gone! Tropical Agriculture as We Knew It,» Tropical

Agriculture Association Newsletter (United Kingdom), vol. 13, no. 3 (1993).
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(15)Donald O. Mitchell and Merlinda D. Ingco, «The World Food Outlook,» (Draft Paper,

International Economics Department, World Bank, Washington, DC, 1993).
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GyT}w+?GyA,SAR*O|Aaz=9JGyjPGA.

vvvvvR*9OIGyaz>f^GC+9gGyA,@]jbf^GAOhOGy%+OQhy(F+?.

vvvvv@v"v9sv[GSvAvGv9<v?GCJv9Yv+v{ \v9pv9JG}Sv}vOIGCAvRG*vOIpv,GyvgvO*vO|v#G}svav9Q
(s9!(f@"9s[Gyjz?)

vvvvvptOGfCQG\,GCJ9Y+{GCTA}QAT9HGyAZ"+hhGyAJ]QhG Sw9f.

vvvvvfvvOeGyvvAvvwvv9|vv{G:FvvAvv}vv9fvv,GCZvvJvv(H<vv9yvvAvv]vvMvv~GyvvTvvwvv9PhGyvv=vv+vv8vv?GCGvvQOI,Ch|vv9
*T}q)<9yq(\(*?Gyt9O|?(Coming Anarchy).

$vPGhsvOChQO<vQGhfhvv9*v#pv,vvAv96v}v9Gyvdv(G$vQGyvjvPGFv+v?hG !vAv9Fv+v?GyvAv9y+?GC|*vOI
yQC9}9:

(1)G!Mq9VGCMRhfGyg9C,yzJ=(Hv"T=?|8(*?|#G !A9Lp,=+hGyT"(GJ.

(2)G!vvMvvqvv9VJvvZvvZvv9JGyvvqvvQOGyvvTvv"vv(*vv?|vv#GAvv=vv(H|vv#346vvvkvvvPQhIfvv9e
1984E]303vkf9e1993.

(3)@vvvqvvvtvvvOGyvvvZvvv_Svvv"vvv(*vvv9
k
svvvQG<vvv?|vvvz+(f$vvvwvvvAvvv9Q(1pvvv,GC8vvv?|vvv#CQG\vvv)GCJvvv9Yvvv+vvv{)

<vTv=v>GyvAvZv"v+vh.h$v,@vAv=vh|vTv9QGy+9<v9fhvv(Q*v9G@v"v(<v+?h@v9*v(GfYv"v9fv+v9
k
.hsvO@v"v9svZvB

|vTv9Iv?GAv=v(HGCJvZv(OIpv+v%v9|v#8|v;*v_$vwvAv9Qfv9e1950E]4|v;*v_$vwvAv9Qfv9e
1990.hpvvtvv9

k
yvvPyvvx,pvvTvv(a*vvtvvzvv[E!vvAvv9LGyvvZvv_|vv#GAvv=vv(HLvv;dGyvvqvvAvvQI1990vvvvv

2030<vvzvvvDvvQ|vv#66|vv;*vv__vv#|vvAvvQj,|vv9*vvAvvQ@vv>fvvz+&GQ@vvqvv9Y|vvTvvAvv(QOGJGyvvZvv_|vv#
GA=(HE]210|z+(f_#,CjCvDQ|#H}{GyAG9QIGyg9C+?p,GyATg+"+9J.

$vvPgGAvvtvv9Fvvuhivv+vvQ$vv9(vvvMvvqvv̂GSvvAvvMvvOGeG}Svv}vvOI,G!vvMvvqvv9V|vvgvvO:JGyvvR*vv9OI
pvv,Gyvvjvvzvv?pvv,GyvvTvv"vv(GJG}Lvv+vvQIhpvv,GyvvgvvO*vvO|vv#GyvvOhd<vvJvv+vvEhYvvzvvBE]1pvv,GC8vv?
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Svv"vv(*vv9
k

Lvv;dGyvvqvvAvvQI1984vvvvv1993,<vvgvvOCfvvv9!vvB2,3pvv,GC8vv?Svv"vv(*vv9
k

Lvv;dGyvvqvvAvvQI
1950vvvvv1984,G!vvvMvvvqvvv9VG:SvvvAvvvDvvv}vvv9QGJpvvv,Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?hR*vvv9OIGyvvv]vvvjvvv(W

Gyv=v+v8v+v?),sv9OJ<vQGhfhvv9*v#E]Gyvtv(dEf
q

Gyvgv9D*vtvAvQH|v#:v9hR;v}v{_v9svAv&.h@vtvAvQM
;vvz+;7vv}vv9<vvzf

q
IvvGvv~GSvvAvv+vvQGOGAvv=vv(Hfvv9C+vv9

k
fvv9e2030Svv(a@vvAvvGvv9hRIvvGvv~GyvvAvvZvvO*vvQ

GCAvv(svvhhsvvOQg526|vvz+(f_vv#.h@vvgvv9Od$vvPgGyvvwvv}vv+vv?|vv9@vvTvvAvv%vvzvvwvv&GyvvZvv_hGyvv(:*vv9J
GCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?HvvvAvvv}vvvgvvvAvvv_|vvvgvvv9

k
Ivvv9y+9

k
.vvvv}vvv9*vvv}vvvwvvv#EYvvv;MGyvvv"vvv}vvv(ivvv+vvvQGCAvvv(GRf<vvv+#

GyvvTvvwvv9fhGyvvjvvPGA<vvJvvTvv>QC9vv}vv9fvv#_vvQ*vvuIvv9Q<vv?@vvRG*vvOGyvvTvvwvv9f<vvWvvwvv{YvvQ*vvKpvvtvvb,
hMvvAvv}vv9fQC9vv}vv9pvv,$vvPGGCGvv9d<vv9yvvtvv(d:EPGCLvvP!vv9<vv}vv"vv%vvH|vv+vvAvvWvv{hE!vvjvvwvv(GCAvvqvv9Fvv{,
*TAa+hGCQAsQGAIG@}z?Gy"%9F+?z|9yA(S$"9y.

LvvvvvG:IA}9dGyAtz+Oj

@vvAvv}vvDvv{GyvvQD*vv?GAvv9y+?}YvvJvv9H$vvPGG:IvvAvv}vv9d<vv]vvQhQI|vv]vv9fvvqvv?E!vvAvv9LGyvvjvvPGAfvv=vvQ
|v]v9fvqv?G !vAv9LChGyvjvzv?pv,hIvOIGCTv9Iv?.E:Cf

q
R*v9OIG !vAv9Fv+v?pv,GyvwvDv+vQ|v#GyvOhd

Gyv"v9|v+v?CFv%vOJCSvUGSvAvjv;dGC(GQOGyvav=v+vgv+v?pv+v%v9h<vMv9Yv?|v(QOG}QV,pvqvtvOsvTv~
|vvv"vvv%vvv9<vvvTvvv=vvv>G:!vvvGvvvQGpvvv9JGC9Fvvv+vvv?hGyvvvQLvvv+vvv?hEvvvz

q
vvvKG}QG\vvv,.h*vvvgvvv9OdGyvvvtvvvTvvv~(GCTvvv9Ivvv?)

GCqt(O|"%9GytT~(GCT9I?)GC]9aEy+%9L;df}z+9JGyA(Shp,G}QG\,GCQh*?.

yvPyvx*vAv}vDv{GyvAvJvOjGyvZvgv>GyvPj@v(GFv%v&GyvRQGfv?Gyvgv9C+v?<v9yvwv+vqv+v?GyvAv,Sv+vAv~6v9
|vv]vv9fvvqvv?G !vvAvv9LGyvvRQGfvv,|vv#|vvTvv9Ivv?G}QG\vv,GCRQhfvv?!vvqvvTvv%vv9,|vvhG}|vv{<vvAvvJvvTvv_
CSvvUGSvvAvvjvv;dGC(GQOGyvvavv=vv+vvgvv+vv?h<vvMvv9Yvv?G}QVhGC+vv9g.h*vv}vvDvv{$vvPGfG}|vvQGf(R*vv9OI
G !vAv9Fv+v?h;vTv_EOGQIGC(GQOGyvav=v+vgv+v?),GyvAvJvOjGCROhL sv9|v?|v9!vavzvufvz+&:z!vdv9e
G !vvAvv9LGyvv=vv+vv8vv,GC"vv9Svv>y.h<vvtvvOQ|vv9*vvAvvJvvtvvuGyvv"vvdvv9eGCPvvv(Q*vvAvvQGFvvhGyvvAvvJvvOjG =vv9[.pvv,
$vvPGGBvvZvv(U@vvAvvgvv%vvOG@vv%vv(OGyvvOhy+?GC=vvPhyvv?pvv,Hvv9:JGyvv%vv"vvOSvv?Gyvv(QGCvv+vv?hGyvvAvvtvv9!vv9J
GAvv+vv(*vv?,<vvAvvtvvO*vv~GyvvAvvJvvTvv+"9JGyvv(QGCvv+vv?C]vv9fvvqvv?Gyvvjvv;dyvv~Yvv"vv9ahGyvvTvv;:JGCavv(qQI,
E:Cf

q
!A9FH$PgG@%(O<a+8?FOG

k
<9Ct9Q!?|hGyA"=|GJG}hy+?GCtAQI?.

pvvv,$vvvPGG:IvvvAvvv}vvv9d*vvvtvvvQCGCQA,\vvv}vvv"vvv9
k

,<vvvzf
q

|vvvWvvvwvvvzvvv?fvvvQVGyvvvjvvvPGA|vvv9$vvv,E:
|vWvwvzv?sv(|v+v?,CjEf

q
GyvOhd|vTv|hyv?fv#;vtv+vuC|v"v%v9GyvjvPGFv,,h$vPG*vgv"v,Cf

q
GyvOhd

Gyvv"vv9|vv+vv?|vvTvv|hyvv?C*vv]vv9
k

fvv#E!vvAvv9LivvPGFvv%vv9,pvv{PGEvvwvv"vvBGyvvOhdGyvv"vv9|vv+vv?|vv#R*vv9OIGSvvAvv%vv;c
ivvvPGFvvv%vvv9GBvvv9U<vvvvv2pvvv,GC8vvv?Svvv"vvv(*vvv9

k
,hvvvv9!vvvB!vvvTvvv=vvv?R*vvv9OISvvvwvvv98vvv92pvvv,GC8vvv?C*vvv]vvv9

k
,

p+G>,hGA9y?$PgR*9OIE!A9LiPGF%9<vv2p,GC8?C*]9
k

f^G}s{.

OvvvvvG:IA}9dGyqaQj

yvtvOChFvO$vPGG:IvAv}v9dGyvOvvAv(Qvv9QhCvQR(Carruthers)fv9e1993GyvPj*vgv}v{
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pvv,Fvv9|vvgvv?hGj(Wye)h*vvtvv(dpvv+vv&:zEP$vv>,EP$vv>,P$vv>:GyvvRQGfvv?G:SvvAvv(GFvv+vv?vvv}vv9
!vgvQpv%v9y.h*vtv(e$vPGG:IvAv}v9dfv̂Lvav{G:IvAv}v9dGyvAvtvz+OjGyvTv9<vuhG6LvP<vzf

q
GyvOhd

GCAvvavv(QI(Gyvvjvv"vv+vv?)$vv,GyvvAvv,EvvOGyvvgvv9D<vv9yvvTvvzvvhGyvvZvv"vv9fvv+vv?hGBvvO|vv9JGC9y+?,pvv,Ivv_Cf
q

GyvvvOhdGyvvv"vvv9|vvv+vvv?(Gyvvvqvvvtvvv+vvvQI)Evvv(qdGyvvvgvvv9D<vvv9C"vvvAvvvGvvv9JG}hy+?GyvvvRQGfvvv+vvv?(h|vvv"vvv%vvv9GyvvvjvvvPGFvvv+vvv?)
hGyvAvZv"v+vgv+v?vv9Cgv9Of.h*vzLvPGyv=v9IvEGCPvv(Q<vgvOeYvJv?Gyv"vdv9eGCPvv(Q,h*vAv9<vhsv(yv&
Ef
q

GyvvOhdGyvv"vv9|vv+vv?SvvAvv"vvAvvH,fvv̂GCOiGyvv=vvgvv+vvO,GyvvTvvzvvhGyvvZvv"vv9fvv+vv?C*vv]vv9
k

hSvvAvvJvvZvv{fvv̂
iPGF%9|#GyOhdGCAa(QIf#_Q*uG:SA+QGO,h*Of~QC*&$PG<9:sA"9f9JGyA9y+?:

(1)GsvvAvv"vv9YYvv9Ivv>$vvPGG:IvvAvv}vv9d<vvzf
q

GC"vv9_vvuG:SvvAvv(GFvv+vv?ivv+vvQsvv9OQIfvv̂E!vvAvv9L
GC(GOGyvvjvvPGFvv+vv?G}Svv9Svv+vv?Gyvvwvv9pvv+vv?yvvzvv}vv"vv9_vvuhGCOfGAvv]vvQ*vv?pvv,Gyvvgvv9DGyvv"vv9|vv,,hGyvv=vv9yvvk
fvvOOSvvwvv98vv9svvQG<vv?CQ<vvgvv?|vvz+9QGJ!vvTvv}vv?fvv9e2025.h<vv9yvvAvv9[@vvwvv(fGyvv=vv+vv8vv?G:SvvAvv(GFvv+vv?
hVv=v&G:SvAv(GFv+v?Svgv+vOIFvOG

k
EPGEvwv"vB|v#|vOGyv"vTv=v?GCAv=vtv+v?|v#GyvTvwv9fGyvQ*vqv+v_yvO9v9

hGy=9yj?50p,GC8?@tQ*=9
k
<9yjPGA.

(2)Gyvv=vvOA<vvAvv"vvqvv+vvPG::vv9gGBvv9U6vvPGG:IvvAvv}vv9d,EP@vvZvvOQIvv9y+9
k

GyvvOhdGCAvvavv(QI
(Gyvvv(:*vvv9JGCAvvvJvvvOIG}|vvvQ*vvvwvvv+vvv?hvvvv"vvvOGhCSvvvAvvvQGy+9hivvv+vvvQ$vvv9)GyvvvjvvvPGAE]GyvvvOhdGyvvv"vvv9|vvv+vvv?
h@TA(QO|"%9Gyg}{GCwDqryzTzhGCZ"qg?.

(3)hFvv(Osvv(IE!vvAvv9Fvv+vv?|vvAvvRG*vvOIpvv,GC"vvavvtvv?GCgvvAvvOyvv?<vvTvv=vv>@vv(GpvvQGyvvAvvwvv"vv(yvv(Fvv+vv9
G}pv]v{hGCTv9Iv9JGC"v9Sv=v?G:IvAv+v9_v+v?yv5!vAv9LGyvRQGfv,,yvPyvx*v}vwv#GyvOhdGCAvav(QI
R*9OIfQ\%9GyjPGF,|#L;dGyAG9QI.

(4)pvv,Ivv9d@vvZvvO*vvQGyvvOhdGyvv"vv9|vv+vv?Gyvvgvv}vv{GCwvvDvvryvvAvvZvv"vv+vvhGyvvTvvzvvhGyvvZvv"vv9fvv+vv?pvv,
GyvvvOhdGCAvvvavvv(QI,pvvvTvvv(a*vvvAvvv(GpvvvQGC9dGyvvvwvvv9pvvv,yvvvzvvv}vvv"vvv9_vvvuGAvvv]vvvQ*vvv?pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?
:SA+QGOGyjPGAG}S9S,y%9v9A=(H.

pv,Iv9d@v"vqv+vP$vPGG:IvAv}v9dhEvB@vjvP*v?Gyvvvvv4<v;*v_|vAvJv]vQh|vtv+v~pv,GC"v9_vu
GAvv]vvQ*vv?pvv,GyvvOhdGyvv"vv9|vv+vv?fvv#_vvQ*vvuGyvvAvvGvv9QI,pvvTvv(a*vvROGOIvvGvv~Yvv9OQGJGAvv=vv(H
CQ<vvvvh|vvvvQqGJCj|vvvv#200|vvvvz+(f_vvvv#E]800|vvvvz+(ffvvvv9e2025,fvvvv̂GpvvvvAvvvvQGVCf

q

GAvOG}O!v):SvAv%v;cGyvqvQOGyvTv"v(j200vvkLv;dGyvgvtv(OGyvDv;Cv?Gyvtv9O|v?.hpv,Iv9d
fvvOe@vv"vvqvv+vvPG:IvvAvv}vv9dpvv;<vvOCf*vvROGOG}CvvQfvv̂CSvvgvv9QGyvvjvvPGA<vvWvvwvv{hG\vvK,hSvv(a
*t(OPyxE]S(A@jP*?v=+Qp,$PgGyOhd(19).

(19)Carruthers, «Going, Going, Gone! Tropical Agriculture as We Knew It».
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$vvvvvvvv|t9Q!?G:IA}9:JG}Q<g?

@v"vdvQG:IvAv}v9:JG}Q<vgv?GyvTv9<vtv?Bv+v9QGJfvQVGyvjvPGAGCTvAvtv=v\<v}v"vdv9QhGIvO
E]GAvvvtvvv9Fvvvu!vvvqvvvTvvv%vvv9,E:C8vvv9@vvvZvvv{E]!vvvAvvv9FvvvH|vvvAvvv=vvv9*vvv"vvv?FvvvOG

k
.h*vvvgvvv(OPyvvvxE]GLvvvAvvv;a

GCt9*+UGCzL(PIvzSUyzOQGS9Jh$,G}Q<g?GyA9y+?:

(1)!vTv>GyvR*v9OIpv,iv;dGAv=v(HGyv=v+v(yv(Fv+v?GCAv(svgv?:@vAv~E:<vgvO15vvvvv30
S"?.

(2)v}+?G}QG\,G@O*OIGC]9p?ChGB9QF?f#G !A9LGyRQGf,.

(3)v}+?G}QG\,GCQh*?GyOGLz?p,f}z+?GyAwD+rGyRQGf,.

(4)CCQGyAO$(QGy=+8,f^E!A9LGyjPGA.

h*vv}vvwvv#LvvAvv~$vvPGGyvv"vvtvv9T<vv9yvvtvv(dE!qvv&:CIvvO*vvgvvzvv~|vv#$vv(GCJvvu,EPEf
q

GyvvAvv"vv=vv|
yvvgvvtvv(OCvv;Cvv?svv9O|vv?|vv#svv=vv{G:LvvAvvZvv9Yvv+vv_G:svvAvvZvv9O*vv_,ivv9yvv=vv9

k
|vv9*vvwvv(fivv+vvQOsvv+vvu

<vvvTvvv=vvv>G:pvvvAvvvQG\vvv9JChGyvvvAvvvZvvv(QGJGCJvvv9_vvv?<vvv9yvvvgvvvO*vvvO|vvv#GyvvvAvvvTvvv9D:JhGCgvvvzvvv(|vvv9J
Gy]g+q?,E\9p?E]O*"9|+w+?G:sAZ9OGyg9C,GyPj*"d~!qT&<"qT&.

hvvvvvGyA=g9JGCTAt=z+?y;IA}9:JG}Q<g?

Kvv>GyvvAvvPvvvQOGFvv}vv9
k
<vvzf

q
G !vvAvv9Fvv+vv?GyvvRQGfvv+vv?y+TvvBJvvQFvv9

k
yvvgvvQVGyvvjvvPGAChIvvAvv)

y~|#GyjPGF,Gy=+(y(F,,EP|#G}G+?<}w9f|gQp?Gy"t9WGyD;KGyA9y+?:

(1)*v=vtv)Gyvtvav9YGyvRQGfv,pv,GyvOhdG}pvtvQpv,Gyvgv9DG}vvDvQCGv+v?\v}v#cvQha
Gyvvgvv}vv{hOLvv{G}Fvv+vv9dGyvvAvv,SvvAvvgvv}vv{pvv+vv&.hEvvDvv{R*vv9OIG !vvAvv9Fvv+vv?pvv,|vvRGQYGCRGQfvv_
GyvZvjv9Qhpv,Iv+v97v~,GCJvQcGyvtv(jyv"v}v(Gyvgv}v{GCwvDqvrh;vTv#GyvOLv{h@v(pv+vQGyvjvPGA
G}p]{.E89GC(RYGyQF+UyAza+rI9y?GyqtQh;T_GygOGy?.

(2)*vvvgvvv+vvvX|vvvgvvvdvvv~CpvvvtvvvQGyvvvqvvvtvvvQGAh|vvvgvvvO|vvv,GAvvv+vvv9IGyvvvgvvv9O*vvv?Ivvv9y+9
k
pvvv,GC"vvv9_vvvuCh

G}QG\vvvv,G}svvvv{svvvvOQIfvvvv̂G !vvvvAvvvv9L.vvvvv}vvvv9Ef
q

CfvvvvOGOGyvvvvQ*vvvvqvvvv+vvvv_CvvvvvDvvvvQ<vvvvwvvvvDvvvv+vvvvQ|vvvv#CfvvvvOGO
GAvv]vvQ*vv_,h<vv9yvvAvv9[pvvAvvJvvTqvv#G !vvAvv9Fvv+vv?yvvwvvzvvAvv9GC"vv9_vvuGC"vvMvvqvv]vv?hGyvvgvv9y+?GyvvtvvOQIPGJ
@vvzCvv+vvQGJ|vvAvvgvvOOI|vvDvv{(R*vv9OIG !vvAvv9L,@vvtvvz+[GyvvqvvtvvQhSvv(AGyvvAvvjvvP*vv?)*vv|OjE];vvTvv#
hGSvvhpvv,G}|vv#GyvvjvvPGFvv,.vvv}vv9*vv;IvveCf

q
GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?:@vvgvv"vv,pvvtvvbR*vv9OIivv;d

GAv=v(H,hE!v}v9@vgv}v{fv̂R*v9OICfvOGOGCAvJv]vQ*v#GyvqvtvQGA,hE]Lvqv̂CSvgv9QGyvjvPGA
pg;

k
.h@gA=QvzA9Gy"taA_GyT9<tA_|#Gy"t9WG K9<+?yAtz+[S(AGyAjP*?hGyqtQ.

(3)@vvv|OjR*vvv9OIGyvvvjvvvz
q
vvv?Gyvvv=vvv+vvv(yvvv(Fvvv+vvv?yvvv(IvvvOIG}QV,E]Lvvvqvvv̂Gyvvv]vvvjvvvbfvvv̂
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Gyvv=vv+vv8vv9JGyvv%vvWvv?ChGAvvO*vv?,h*vvtvv(dpvv+vvOQhvvv+vvx(Feder and Keck)fvv9e1994pvv,$vvPG
GBvvZvv(UEf

q
:zvvv{0,1pvv,GC8vv?|vv#R*vv9OIGyvvjvvzvv?pvv,G}QG\vv,GCQh*vv?Lvv;dGyvvqvvAvvQI

Gy(Gsg?<+#2010h2025;{I{25|z+(f$wA9Q|#G}QG\,GCaQ*?(20).

CLv+vQG
k
*v}vwv#Gyvtv(dEf

q
Fv9!v>GyvAvJvOjpv,|vWvwvzv?fvQVh_vzv>GyvjvPGAGyvgv9C,pv,

Gyvvvgvvvtvvv(OGyvvvDvvv;Cvvv?Gyvvvtvvv9O|vvv?,CYvvv=vvvKhG\vvvJvvv9
k

hKvvv>|vvv(GFvvv%vvvAvvv&,E:Cf
q

GC(GQOGC9y+?GAvvv9y+?
GBv9Yv?<vAvJvTv_G !vAv9Fv+v?h;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?pv,GyvOhdGCAvav(QIsvO@vtvz

q
vZvBvvDv+vQG

k
,

h<vMv9Yv?GCtvO|v?|v"v%v9vv}vTv9fvOGJCQGvvRGyv=vJv(KGyvgvzv}v+v?GyvRQGfv+v?GyvOhy+?hyvzv}v"vdv}v9J
Gyvvgvv9C+vv?Gyvvgvv9|vvzvv?pvv,$vvPGGCGvv9d.h*vv]vv9aE]PyvvxCf

q
G$vvAvv}vv9eIvvwvv(|vv9JGyvvOhdGyvv"vv9|vv+vv?pvv,

GyvvvvAvvvv"vvvv}vvvv+vvvv?GyvvvvRQGfvvvv+vvvv?CLvvvvP*vvvvAvvvv]vvvv9Ad,!vvvvdvvvvQG
k
E]GyvvvvqvvvvGvvvv(IGyvvvvR|vvvv"vvvv+vvvv?<vvvv+#Chyvvvv(*vvvv9JGyvvvv=vvvvJvvvvE

G:SAQG@+G+?hGyR*9OGJGCg"(*?p,E!A9LIt(dGCRGQf_Gy=9yj?25S"?f^G}s{.

3vvvvv|;|KGyjPGAhGyAjP*?GCTAt=z+?
pvv,$vvPgGyvvqvvtvvQI!vvgvvQVyvvAvv(svvgvv9JfvvQVGyvvjvvPGAGCAvv(GpvvQyvv;SvvAvv%vv;cGyvvqvvQOj|vv#

SvvzvvhGAvv=vv(HhGC"vvAvvGvv9JGAvv+vv(G!vv+?,hyvvgvvQVGyvvjvvPGAG =vv9[<vv9yvvwvvk@vv}vv+vvhGyvvTvvzvvhFvvDvv;
k

<vvv9AvvvQ*vvvQGJGy+(|vvv+vvv?hpvvvtvvv9
k
yvvvOQGSvvv?|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?:!vvvdvvvQIE]GyvvvjvvvPGA

Gyvvgvv9C,hGyvvRQGfvv?fvv9e2010,h|vv#Cvv~q!vvAvvJvvTvvU|vvOiE|vvwvv9!vv+?@vvavv=vv+vvu$vvPgGyvvAvv(svvgvv9J
GBvv9Yvv?<vvgvvOfvv9e2010}$vvOGaGyvvAvv"vv}vv+vv?<vv9yvvQ<vvb|vvhIvv9:JSvv(AGyvvAvvjvvP*vv?GCR|vv#.pvv,
$vPGGCGv9d*vqv]v{@v(\v+vK|vqv%v(eGSvAv%v;cGyvjvPGAGC=v9VvQ(Direct Food Consumption)

GyvvvPj*vvvOdfvvv̂GyvvvAvvv(GRfGyvvvjvvvPGFvvv,(|vvv+vvvRG!vvv+?GyvvvjvvvPGA)yvvvgvvvQVGyvvvjvvvPGAGyvvv(GQO|vvv#G !vvvAvvv9L
hG:SvvAvv+vvQGOGyvvZvv9pvv,yvvzvvTvvzvvhGyvvjvvPGFvv+vv?GCMvvZvvZvv?yvv;SvvAvv%vv;cG !vvTvv9PGC=vv9VvvQ,Cj:
@OL{p+&JZZ9JGy=PhQhCf;aGA+(G!9JhGyq9sOCC"9Af}z+9JGyAT(*u.

CvvvvvfQVGyjPGAG =9[hGA=(HhGC"AG9JGA+(G!+?yzqQO

*v}vwv#fvQVGSvAv%v;cGyvqvQOGC=v9VvQ|v#GAv=v(H(21)
pv,GyvOhdGyv"v9|v+v?hpv,Gyvgv9D

vvvwvv{,Cf*vvROGO<vvWvvwvv{<vvTvv+vvbLvv;dGyvvqvvAvvQIGyvvtvv9O|vv?,h@vvzOR*vv9OIGyvv"vv}vv(GCAvv(G\vvgvv?pvv,
fQVGA=(Hy;SA%;cGC=9VQyzqQO|#:

(20)Gershon Feder and Andrew Keck, «Increasing Competition for Land and Water

Resources: A Global Perspective,» paper presented at: Workshop, Social Science Methods in

Agricultural Systems: Coping with Increasing Resource Competition in Asia, held May 2-4, in Chiang

Mai, Thailand, Agriculture and Natural Resources Department, World Bank, Washington, DC, 1994.

(21)*v]v~|vZvavzvKzGAv=v(Hy$v"v9vv;
k
|v#Gyvtv}vKhG}QRGCavJv(fhGyvPQIhGyvWvgv+vQhGC+vz+BhGyvTv(QFv(e

hi+Q$9.
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vvvvvGyvavzv>GCAv"v(Yfv̂GC"vAvGv9JG}LvQi(iv+vQGAv=v(H)pv,GyvOhdPGJGCTvAv(*v9J
GCQ@qg?!T=+9

k
:SA%;cGA=(HGyqQOj(CvDQ|#200vk/S"?<Ww{f9e).

vvvvvGyvvvAvvvOGLvvv{<vvv+#Gyvvv"vvv}vvv(ivvv+vvvQGC"vvv9Svvv>yvvvOLvvv{GyvvvqvvvQOhIvvvOOGJGyvvvgvvvQV(pvvv,<vvvgvvv̂
GAvv9:J)pvv,GyvvOhdGyvvAvv,|vv9RGyvvB|vvTvvAvv(*vv9JGSvvAvv%vv;cCpvvQGO$vv9|vv#GAvv=vv(H|vv"vvMvvqvv]vv?
(G!dQG@OhdQs~(14vvvvv3)).

G@OhdQs~(14vvvvv3)
fQVGyjPGAy;SA%;cG !T9PGC=9VQyzqQOp,Gyg9D

L;dGyqAQI1969vvvvv2010

H}(f?GyOhdvkyzqQO/GyT"?

1969/19711988/1990@(sg9J2010

1vvvvvGyOhdGy"9|+?

I=(HyzjPGA145,3170,5173,0

I=(HCMAzrG:SAg}9:J(190)(235)(254)

A(e10,516,425,0

Iz+>27,435,942,0

v9|{GyjPGA(SgQ/*(e)221024702730

2vvvvvGyOhdGCAa(QI

I=(HyzjPGA148,6146,3141,0

I=(HCMAzrG:SAg}9:J(583)(637)(633)

A(e63,380,587,0

Iz+>188,4199,1198,0

v9|{GyjPGA(SgQ/*(e)320034003470

3vvvvvGyWQbG}O!)hV}9dCpQ*t+9

I=(HyzjPGA183,3212,9210,0

I=(HCMAzrG:SAg}9:J(295)(376)(386)

A(e13,018,423,0

Iz+>54,059,467,0

v9|{GyjPGA(SgQ/*(e)238030103210

*A=vvvvvvvvvvvvvvvh
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@9<vvvvvvvvvvvvvvvvh

4vvvvvGyg9D

I=(HyzjPGA146,3164,6167,0

I=(HCMAzrG:SAg}9:J(305)(331)(325)

A(e26,031,937,0

Iz+>74,675,372,0

v9|{GyjPGA(SgQ/*(e)243027002860

GCZvvvvvvvvvvvvvvvOQ:Nutrition and Development: A Global Assessment: International Conference on Nutrition,

organized by Food and Agriculture Organisation (FAO), World Health Organization (WHO) (Rome:

FAO, 1992).

<vvv9yvvv"vvvTvvv=vvv?E]h\vvvhSvvvzvvvgvvvAvvv,GyvvvzvvvJvvv(ehGAvvvz+>G}LvvvQi,pvvv}vvv#GCAvvv(svvvhCf@vvv"vvv}vvv(
JvvvZvvvZvvv9JGyvvvqvvvQOpvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?fvvv9e2010.h*vvvgvvv(O$vvvPGGyvvv"vvv}vvv(<vvvGvvvRFvvv&G}vvvv=vvvQE]
GCTvvv9fvvvOGJGCtvvvO|vvv?|vvv#GyvvvOhdGCAvvvavvv(QIGyvvvAvvv,SvvvAvvv"vvvMvvvqvvv̂|vvvTvvvAvvvtvvv=vvv;

k
|vvv#Ivvv+vvvEGAvvvGvvv~

<vv9Ctvv9Q!vv?|vvh|vv9svvO|vvAvv&pvv,GC9\vv,.hGC;IvveCf
q

|vvgvvdvv~GyvvR*vv9OGJpvv,GSvvAvv%vv;cGAvvz+>
GCA(sg?|TAt=;

k
p,GyOhdGy"9|+?SA(FOp,OhdF"(HVQbBS+9.

Hvvvvv|]9|_GyAjP*?p,GyOhdGy"9|+?

yvvtvvOCfvvO
q

J|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?h|vv"vvdvv}vv?GyvvZvvJvv?Gyvvgvv9C+vv?Gyvv(Cvv9Fvvu
GBvv9Yvv?<vv9C|EvvQGyvvjvvPGFvv,Gyvvgvv9C,fvv9e1992,GyvvAvv,svvOQ@vv9pvv+vv%vv9Cf|vv9*vvtvv9QHGyvvvvvv800
|vz+(fpvQOpv,GyvOhdGyv"v9|v+v?hGsvgv_;vBcvQha!vtv[GyvAvjvP*v?GCR|v#(22).h$vPG*vgv"v,
Cf
q

GCAvv(SvvbGyvvTvv"vv(j:SvvAvv%vv;vvv%vv~GyvvjvvPGA*vvtvv{fvv}qvv9*vvAvvavvzvv=vv&G@vvTvv~yvvzvv}vvJvv9pvvdvv?fvv̂hR!vv&
hIvv+vv(*vvAvv&h!vvWvv9_vv&.h$vvPGGCTvvAvv(iGyvvjvvPGFvv,,GyvvPj*vvAvvQGhM<vv+#1780IvvQ*vvQI/Gy+(epvv,
BSvv+vv9,h1985IvvQ*vvQI/Gy+(epvv,C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?,*vvgvv9Od1,54|vvQI|vvgvvOdGyvvAvvJvv(*vv{
G}S9S,.

yvtvO<v"v+vB$vPgGyvAvtvO*vQGJfv̂G:pvAvQGVGyvtv9Fv{Ef
q

@v(R*vhG:SvAv%v;cGyvjvPGFv,
yvvzvvqvvQO(<vvZvv(QIIvvQ*vvQGJ)$vv(GCtvv+vv9SGyvvavv=vv+vvgvv,|vvhGCAvv(SvvbGCTvv9hjAvvQ*vvQGJGyvvqvvQO
Gyv(GQOI<v9C+vRG!v+?GyvjvPGFv+v?hG:!vJvQGaGyvtv+v9Sv,,vv}v9svOqQJ|v#GAvZvQGyvgv9Fv\Gyvgv9e
pvv+vv%vv9,GyvvWvvwvv{Qsvv~(14vvvvv1).h|vv"vv&!vv;IvveCf

q
|vvWvvwvvzvv?!vvtvv[GyvvAvvjvvP*vv?GCR|vv#svvO

(22)Alexandratos, «The Outlook for World-food, Agriculture to Year 2010».
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G!At{|#Esz+~VQbBS+9,E]G sz+~G}pQ*t,<Ww{fOO|azu(23).

GyWw{Qs~(14vvvvv1)
!t[GyAjP*?GCR|#p,GyOhdGy"9|+?L;dGyqAQI1969vvvvv2010

|;Id?:G}Qs9e\}#G}s(GS@g",G !A9LGyw\.
GCZvvvvvvvvvvvvvvvOQ:N. Alexandratos, «The Outlook for World-food, Agriculture to Year 2010,» paper

presented at: Population and Food in the Early Twenty-first Century: Meeting Future Food Demands of an

Increasing Population, edited by Nurul Islam (Washington, DC: International Food Policy Research

Institute (IFPRI), 1995).

Lvvvvv|;|Ksa9f9JGA=(HhG !A9LGA+(GPp,Gyg9D
*vvvgvvv9OdE!vvvAvvv9LGAvvv=vvv(HsvvvQG<vvv?30pvvv,GC8vvv?h20pvvv,GC8vvv?|vvv#Gyvvv"vvv9@vvvHG =vvv9[

(23)Nutrition and Development: A Global Assessment: International Conference on Nutrition,

organized by Food and Agriculture Organisation (FAO) and World Health Organization (WHO)

(Rome: FAO, 1992).
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GyvvvRQGfvvv,yvvvwvvv{|vvv#GyvvvOhdGyvvv"vvv9|vvv+vvv?hGCAvvvavvv(QIfvvv̂GyvvvAvvv(G[,pvvv,Ivvv_*vvvgvvv9OdG !vvvAvvv9L
GAvv+vv(GPyvvwvv{|vv"vv%vv}vv9|vv#Gyvv"vv9@vvHG =vv9[GyvvRQGfvv,!vvqvvTvv&27pvv,GC8vv?h52pvv,GC8vv?
fvv̂GyvvAvv(G[,<vv+"vv}vv9@vvZvv{!vvTvv>GC"vvAvvGvv9JGyvvRQGfvv+vv?G}LvvQi(GyvvOQ!vv+9JhGyvv=vvtvv(y+9J

hGBvvv]vvv9QhGyvvvqvvv(Gvvvv&hGyvvv=vvvPhQGyvvvR*vvvAvvv+vvv?hivvv+vvvQ$vvv9E]36pvvv,GC8vvv?h24pvvv,GC8vvv?fvvv̂
GyA(G[C*]9

k(24).

<vv9 \vv9pvv?E]Pyvvx@vv"vvAvvHGyvvOhdGyvv"vv9|vv+vv?|vvgvvdvv~G !vvAvv9LGyvvgvv9C,|vv#GCJvv9Yvv+vv{ivv+vvQ
GyvvjvvPGFvv+vv?(GC(GOG}hy+?hGCWvvQh<vv9JG:SvvAvv(GFvv+vv?.h*vvgvvAvv=vvQGyvvTvv(bGBvv9U<vvwvv{Svvzvvgvv?|vv#
GyvTvzvhGyvRQGfv+v?GC"vAvGv?CIvOGyvgv(G|v{G}Sv9Sv+v?CgvOd!v}v(G !vAv9LGyvRQGfv,G =v9[<vwv{
Ohy?hyw{Esz+~.

(1)sa9YGA=(Hp,GyOhdGCAa(QIhGy"9|+?

*vvgvvQVG@vvOhdQsvv~(14vvvvv4)@vvavv(QE!vvAvv9LGAvv=vv(Hpvv,GyvvOhdGCAvvavv(QI|vvtvv9Q!vv?
<v{!vAv9LGyvOhdGyv"v9|v+v?Lv;dGyvqvAvQI1969vvvvv1992,hGCAv(svhE!vAv9Fv&pv+v%v}v9fv9e2010.

h|v"v&!v;IveGIvAv}v9dR*v9OIE!vAv9LGyvOhdGCAvav(QIfv9e2010<vvv180|vz+(f_v#Ch21

pvvv,GC8vvv?Cj0,9pvvv,GC8vvv?Svvv"vvv(*vvv9
k

,hPyvvvxfvvv#|vvvAvvv(SvvvbE!vvvAvvv9LGyvvvqvvvAvvvQI1988vvvvv1990

Gy=9yk850|z+(f_#.

h*vvvgvvvAvvv=vvvQ|vvvgvvvOdGyvvv"vvv}vvv(GCPvvvv(QCLvvvqvvv̂|vvvgvvvOdfvvv#GCAvvv(SvvvbLvvv;dGyvvvTvvv"vvv(GJ

GyvvgvvWvvQ*vv#GC9\vv+vv?hGyvv=vv9yvvk1,5pvv,GC8vv?Svv"vv(*vv9
k(25).h|vv#GCAvv(svvhCf@vv"vvAvvWvvQG:vv9$vv9J

Gyv"v}v(GyvAv,Sv9OJpv,GyvqvAvQIGAvO*vDv?GC9\v+v?Lv;dGyvTv"v(GJGyvgvWvQ*v#Gyvtv9O|v?,Cj
|vvv#GyvvvtvvvQfGyvvv(GIvvvOhGyvvvgvvvWvvvQ*vvv#hyvvvwvvv#|vvvhGLvvvAvvv;ahG\vvvK<vvv+#Hvvv}vvv(fvvv9JGyvvvOhd

GyvvvQFvvv+vvvTvvv?;pvvv}vvvDvvv;
k

C|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?hChsvvv+vvv9!vvv(Svvv+vvv9|vvvAvvv(svvvhyvvv%vvv}vvv9R*vvv9OIC!vvvZvvv=vvvAvvv%vvv}vvv9pvvv,
G !vvAvv9LGyvvwvv\yvvzvvOhdGCAvvavv(QI,pvv,Ivv_|vv#GCAvv(svvhfvvOeR*vv9OIE!vvAvv9LOhdChQh<vv9
GyvvjvvQ<vv+?|vv#GAvv=vv(Hfvv9e2010fvv#7pvv,GC8vv?(fvv#|vvAvv(SvvbE!vvAvv9Fvv%vv9Lvv;dGyvvqvvAvvQI

1988vvvvv1990)|vtv9Q!v?|vhGyvR*v9OIGyvwv=v+vQIGyv=v9yvjv?47pv,GC8v?<v+#GyvqvAvQ@v+#1969

vvvvv1971h1988vvvvv1990(26).

(24)Alexandratos, Ibid.

(25)Nutrition and Development: A Global Assessment: International Conference on Nutrition.

(26)Alexandratos, Ibid.
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G@OhdQs~(14vvvvv4)
@a(QE!A9LGA=(HhGSAg}9:@&GCJz+?hY9OQG@&GyZ9p+?

p,GyOhdGCAa(QIhGy"9|+?L;dGyqAQI1969vvvvv2010(|z+(f_#)
GyqAQGJGyOhdGCAa(QIGyOhdGy"9|+?Gyg9D

1vvvvvG !A9L

1969vvvvv19746474821129

1979vvvvv19818046521457

1988vvvvv19908508481698

1991vvvvv19928558901745

2010102813182346

2vvvvvG:SAg}9dGCJ\Gyw\

1969vvvvv19746274981125

1979vvvvv19817387201458

1988vvvvv19907919711721

201086614802346

3vvvvvGyZ9OQGJGyZ9p+?

1969vvvvv197422,5vvvvv20,4vvvvv

1979vvvvv198169,4vvvvv66,8vvvvv

1988vvvvv199092,6vvvvv90,0vvvvv

2010162,0vvvvv160,0vvvvv

GCZvvvvvvvvvvOQ:Food and Agriculture Organization (FAO), «Agriculture: Towards 2010,» (Conference

Paper C-93/24, Rome, Italy, 1993).

h@vvvgvvv"vvv,GIvvvAvvv}vvv9:JGyvvvAvvvavvv(Qpvvv,G !vvvAvvv9LhG:SvvvAvvv%vvv;cyvvv%vvvPgGyvvvTvvvzvvvh,Cf
q

|vvvAvvvavvvzvvv=vvv9J
GSvvAvv+vvQGO$vv9GyvvZvv9pvv+vv?pvv,$vvPgGyvvOhdSvv(a*vvTvvAvv}vvQpvv,Gyvv"vv}vv(h<vvWvvwvv{<vvavv,Ah|vvWvv9<vv&C9
IvvvOKpvvv,GyvvvDvvv}vvv9!vvv+"vvv+vvv9J|vvv#GyvvvtvvvQfGC9\vvv,.h|vvv#GCJvvvAvvv}vvv{Cf*vvv"vvv}vvv(|vvvAvvv(SvvvbG:SvvvAvvv+vvvQGO
GyvZv9pv,|v#90|vz+(f_v#pv,GyvqvAvQI1988vvvvv1990E]160|vz+(f_v#fv9e2010,
E\v9pv?E]GIvAv}v9d@v"v9sv[!vTv=v?G:vvAvqv9AGyvPGOGyvjvPGFv,svz+;

k
y+Zv{E]90pv,GC8v?(27).

h*vvv;IvvveCf
q

!vvvZvvvrGCTvvvAvvv(QOGyvvvZvvv9pvvv,GCavvvzvvv(HSvvv+vvvMvvvZvvv[E]Esvvvz+~GyvvvWvvvQbG}O!vvv)

(27)FAO, «Agriculture: Towards 2010».
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hVvv}vv9dCpvvQ*vvtvv+vv9,CjE]GC"vvavvtvv?GyvvgvvQ<vv+?@vvtvvQ*vv=vv9
k

vvv(f|vvgvvdvv~GyvvOhdGyvvgvvQ<vv+?@vv(FvvOpvv,$vvPG
G svvvz+~.$vvvPGh*vvv}vvvAvvv[GyvvvjvvvPGAGC=vvv9VvvvQ|vvv#E=vvv9[GAvvv=vvv(Hpvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?svvvQG<vvv?670
|vvz+(f_vv#Cj72pvv,GC8vv?@vvtvvQ*vv=vv9

k
,|vvhGLvvAvv;aEsvvz+}vv,hGSvvh,Ivv+vvE@vv=vvzvvk$vvPgGyvv"vvTvv=vv?

pvvv,Fvvv"vvv(HBSvvv+vvv988pvvv,GC8vvv?,hpvvv,GyvvvWvvvQbG}O!vvv)hVvvv}vvv9dCpvvvQ*vvvtvvv+vvv956pvvv,GC8vvv?.C|qvvv9
GSvvAvvMvvOG|vv9JG}fvv;ayvvzvvJvv+vv(G!vv9JpvvAvv=vvzvvk160|vvz+(f_vv#(17pvv,GC8vv?|vv#G =vv9[),
pv,Iv_EvDv{Gyvwv}v+v?GCAv=vtv+v?hsvOQ$v9100|vz+(f_v#(11pv,GC8v?|v#G =v9[)@vTvAvMvOe
v=PGQhp,GyZ"9f9Ji+QGyjPGF+?Ch@qtOCC"9AGAZ9OhGyAMR*#(28).

(2)sa9YG !A9LGA+(GPp,GyOhdGCAa(QIhGy"9|+?

$vvv"vvv9cfvvv9|vvv;fQFvvv+vvvTvvv9f*vvv}vvvwvvv#Cf*vvv|CvvvQGpvvv,|vvv"vvvAvvvGvvv9JG !vvvAvvv9LGAvvv+vvv(GPpvvv,GyvvvOhd
GCAvvavv(QI,Gvv9|vvgvvO:JGSvvAvv%vv;cGyvvqvvQOpvv,GyvvOhdG}hQh<vv+?G:VvvAvvQGvvv+vv?Svv9<vvtvv9

k
,hCSvvgvv9Q

GyvzvJv(e;pvqv,GyvOhdGCPvv(QIhYvzvB|vgvO:JGSvAv%v;cGyvqvQO|v#GyvzvJv(e|vTvAv(*v9JD
@vwv#Csv{<vwvDv+vQfv}qv9hYvzvBEy+&|vgvO:JGSvAv%v;cGyvzvJv(epv,GyvOhdG}hQh<v+?GyvjvQ<v+?
PGJGyvOLv(dGyvgv9y+?FvOG

k
.hyvwv#|vhG Yv;Iv9JGyvT

x
vgvQ*v?h@vO$v(QGyvtv(IGyvWvQGFv+v?GyvAv,

IvvZvvzvvBpvv+vv%vv9|vvh<vvOG*vv?GyvvAvvTvvgvv+"+vv9J|vv#GyvvtvvQfGC9\vv,,G!vvMvvqvv]vvB|vvgvvO:JGSvvAvv%vv;c
GyvvqvvQOpvv+vv%vv9|vv#GyvvzvvJvv(ehGAvvz+>yvvqvvAvvQI|vv#GyvvR|vv#.C|qvv9fvv̂GCOiGyvv=vvgvv+vvOpvv;<vvO|vv#CLvvP
|vvvvgvvvvOdGSvvvvAvvvv%vvvv;cGyvvvvqvvvvQO|vvvv#GC"vvvvAvvvvGvvvv9JGAvvvv+vvvv(G!vvvv+?pvvvv,G svvvvz+~vvvvvwvvvv{,fvvvv̂Cf*vvvvQ@vvvvOE]
GCTvvvAvvv(*vvv9JGyvvvAvvv,vvvv9ffvvvz+%vvv9svvv=vvv{fvvv}vvvz+?G Yvvv;MGyvvvTvvvgvvvQjCjIvvv(G]70vvvvk/GyvvvTvvv"vvv?.
<v9yv"vTv=v?E]<vtv+v?GyvOhdGyvjvQ<v+?G}LvQi,$v"v9c@vjv+vQIvOhOIvAv}v{*vAv}vDv{<v}vAv9<vgv?Gyv"v}v(pv,
|vvgvvOdGSvvAvv%vv;cGyvvqvvQO|vv#GyvvzvvJvv(eh<vvMvv9Yvv?|vv#Avv(eGyvvOhGFvv#,pvv,Ivv_*vv=vvtvv)|vvgvvOd
GSvvAvv%vv;cGyvvqvvQO|vv#Avv(eGBvv"vv9R*vvQhG}<vvtvv9Qh|vv"vvAvvGvv9JGAvvz+>Cvv9<vvAvv9

k
.h@vvAvv}vvDvv{Lvv;Yvv?

GyvvvAvvv(svvvgvvv9Jpvvv,svvvavvv9YG !vvvAvvv9LGAvvv+vvv(GPpvvv,GyvvvOhdGCAvvvavvv(QI<vvvR*vvv9OIGyvvvavvvzvvv>fvvv̂GAvvv=vvv(H
vvvvgvvvzvvvr<vvvWvvvwvvv{IvvvOhO(Q<vvv}vvv9<vvvvv45|vvvz+(f_vvv#@vvvtvvvQ*vvv=vvv9

k
<vvv+#1988/1990hIvvvAvvv)fvvv9e

2010),hPyvvx|vvtvv9<vv{GyvvAvv(Svvhpvv,Gyvvavvzvv>fvv̂GAvv=vv(Hvvvgvvzvvrpvv,GyvvOhdGyvv"vv9|vv+vv?(Q<vv}vv9
170|vvz+(f_vv#Lvv;d!vvqvvUGyvvqvvAvvQIGyvvTvv9<vvtvv?)(29).C|qvv9GyvvOhdGyvv"vv9|vv+vv?pvv+vvAvvGvv&<vv"vv+vv9fGyvvAvvjvv+vv+vvQ
pv,GSvAv%v;cGyvjvPGApv+v%v9CvvDvQpvzvvDvQYv(HGC"vAvGv9JGAv+v(G!v+?,G@vOhdQsv~(14vvvvv5).
h|vhPyvx|v9RGyvB|vgvO:JGSvAv%v;cGyvqvQO|v#$vPgGC"vAvGv9Jpv,$vPgGyvOhdCsv{

q
<vwvDv+vQ

fv}qv9vv9!vBfvz+&pv,GyvOhdGCAvav(QIPGJGyvOLv(dGyvgv9y+?sv=v{Cv;Cv?fvtv(O|v#G6f.h@v|CvQ
GyvvvAvvv"vvv}vvv+vvv?GC"vvvAvvvdvvvQIpvvv,GyvvvZvvv_hGCAvvv}vvvDvvvzvvv?<vvv9:!vvvJvvvOGQGyvvv=vvvavvv,Apvvv,!vvv}vvv(GSvvvAvvv%vvv;cGyvvvqvvvQO|vvv#

(28)Alexandratos, Ibid.

(29)GCZOQ!qT&.
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GyvvvzvvvJvvv(e,<vvvWvvvwvvv{svvv9_vvvhfvvv̂GCMvvvQFvvv9JG =vvv9y+?vvvv(f$vvvPGGyvvv=vvvzvvvO*vvvTvvvAvvv%vvvzvvvx40pvvv,GC8vvv?
@vvtvvQ*vv=vv9

k
|vv#E=vv9[GyvvzvvJvv(eGCTvvAvv%vvzvvwvv?pvv,GyvvOhdGyvv"vv9|vv+vv?.h<vv9SvvAvvDvv"vv9AGyvvZvv_*vv}vvwvv#CfLvv9pvve

|vvgvvOd!vv}vv(_vvzvv>GyvvqvvQOyvvzvvJvv(efvv̂1,1pvv,GC8vv?Svv"vv(*vv9
k
pvv,Ivv_*vv"vvMvvqvv̂|vvgvvOd!vv}vv(

Gyvvavvzvv>hG !vvAvv9LG =vv9y+_}svv{Fvv9vvv9fpvv,GC9\vv,,<vvTvv=vv>!vv}vv(GyvvTvvwvv9fGC"vvMvvqvv̂vvv}vv9
$(|(\Kp,G@OhdQs~(14vvvvv5)(30).

G@OhdQs~(14vvvvv5)
E!A9LhGSA%;cGyzJ(ehGAz+>p,GyOhdGy"9|+?(93Ohy?)

L;dGyqAQI1969vvvvv2010

Gy="OGyqAQGJ|gOdGy"}(GyT"(j(p,GC8?)

1969/
1971

1979/
1981

198820101970/
1990

1990/2010

1vvvvvGyzJ(e

G:SA%;c(Gyaz>)

G =9[(|z+(f_#)27,042,264,0143,04,83,9

GyqQO(vk)10,513,016,425,02,62,0

G !A9L(|z+(f_#)28,542,664,8143,04,63,8

C<t9Q12,114,618,632,02,22,7

Ci"9eh|9fR3,03,64,910,02,83,1

L"9R*Q9,716,828,364,06,14,0

OhGF#3,73,612,937,07,05,1

2vvvvvGAz+>

G:SA%;c(Gyaz>)

G =9[(|z+(f_#)84,7122,8194,0273,43,72,5

yzqQO(vk)27,432,135,941,71,70,7

G !A9L(|z+(f_#)78,0107,3147,3247,63,52,5

GyAG9QIGyZ9p+?(=)vvvvv6,8vvvvv16,2vvvvv16,3vvvvv25,85,82,2

GCZOQ:Alexandratos, «The Outlook for World-food, Agriculture to Year 2010».

(30)Nutrition and Development: A Global Assessment: International Conference on Nutrition.
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C9!+9
k

:Gy(\hGyjPGF,p,Gy(_#GygQN
@vv=vvzvvkGCTvv9Ivv?G =vv9y+?yvvzvv(_vv#GyvvgvvQN1406|vvz+(f$vvwvvAvv9Q@vvtvvQ*vv=vv9

k
,|vv"vv%vv9510

|vvvz+(f$vvvwvvvAvvv9Q@vvvtvvvQ*vvv=vvv9
k

(36,3pvvv,GC8vvv?)|vvv(GQORQGfvvv+vvv?,E:Cf
q

GyvvvtvvvTvvv~G}vvvv=vvvQ|vvv#$vvvPg
GC(GQOGyvvRQGfvv+vv?@vv(FvvO<vvWvvwvv{|vvQGY

m
hivv9<vv9J(87pvv,GC8vv?).C|qvv9GCTvv9Ivv?GCRQhfvv?pvvgvv;

k

pv;@vR*vOfv#51,12|vz+(f$vwvAv9Qfv9e2003|v"v%v912,3|vz+(f$vwvAv9QCQGV
m

|vQh*v?
hGyvv=vv9svv,CQGV

m
|vvavvQ*vv?(31).hyvvtvvO@vv(RfvvB$vvPgGCTvv9Ivv?GCRQhfvv?(GCQh*vv?hGCavvQ*vv?)fvv̂

H}(f9JSzhGCJ9Y+{GyQF+T?p,Gyg9eGCPv(Qv}9*\:

vvvvvGyTzhGyjPGF+?GyQF+T?(I=(Hh<t(y+9JhOQ!+9J)75p,GC8?.

vvvvvGyvTvzvhGyvjvPGFv+v?G}LvQi(Lv]v9Qhpv(Gvv&hCfv;ayvzv}v"vAvGv9JGAv+v(G!v+?hIv9Yv+v{
SwQ*?hR*A+?)25p,GC8?.

$vPgGCTv9Iv9JGCRQhfv?C!vAvGvBvv}v+v9J|v#GC(GOGyvRQGfv+v?GyvjvPGFv+v?iva
q
vB@vtvQ*v=v9

k

!vZvrIv9Fv?GCGvAv}vhGyvgvQN(GyvPj<vzvkfvOOSvwv9!v&pv,Gyvgv9e2003svQG<v?298|vz+(f
pvvQO)|vv#GAvv=vv(HhGyvvR*vv(JGyvv"vv=vv9@vv+?,hQ<vvhIvv9FvvAvv&|vv#GyvvTvvwvvQ,h|vv#70vvvvv90pvv,GC8vv?
|v#Iv9FvAv&E]GC"vAvGv9JGAv+v(G!v+?hvv9|v{GIvAv+v9Fv9@v&|v#GyvTvzvhGyvjvPGFv+v?G}LvQiG@vOhd
Qs~(14vvvvv6)(32),h|"&!TA"AH|9*\:

1vvvvv$vv"vv9csvvZvv(QhG\vvKpvv,G:vvvAvvqvv9AGyvvPGOGyvvjvvPGFvv,CGvv}vv(fvv9JGyvvTvvzvvhGyvvjvvPGFvv+vv?
GyvvvQFvvv+vvvTvvv?,*vvvAvvv}vvvDvvv{<vvv9!vvvMvvvqvvv9V!vvvTvvv>Hvvv}vvv(fvvv9JGAvvv=vvv(HhGyvvvTvvvwvvvQhGyvvvR*vvv(JGyvvv"vvv=vvv9@vvv+?
hGyvvWvvJvv(eE]53pvv,GC8vv?,26pvv,GC8vv?,h47pvv,GC8vv?fvv̂GyvvAvv(G[.h@vvQ@vvqvvh!vvTvv=vv&pvv,
Gyvv=vvtvv(dhGyvvOQ!vv+9JhGAvvz+>h|vv"vvAvvGvv9@vv&,yvvAvvZvv{E]80pvv,GC8vv?,pvv,Ivv_$vv"vv9cGvvvAvvqvv9A
PGOpvv,Hvv}vv(fvv9JGyvvTvvzvvhGyvvjvvPGFvv+vv?G}LvvQiCjGyvvOQ!vv+9J(Gyvv=vvavv9_vv9)hGBvv]vv9QhGyvvqvv(Gvvv&
hG}Svv}vv9chGyvv=vv+vv̂EPhsvvgvvB<vv+#97pvv,GC8vv?h105pvv,GC8vv?,hPyvvx<vvJvvTvv>hFvv%vv?
!dQGC"d}?GygQ<+?yzA"}+?GyRQGf+?.

2vvvvvG!vvgvvwvvTvvBfvv}vvz+?G!vvMvvqvv9V!vvTvv>G:vvvAvvqvv9AGyvvjvvPGFvv,GyvvPGOpvv,GyvvTvvzvvhGyvvjvvPGFvv+vv?
GyvvvQFvvv+vvvTvvv?pvvv,@vvvRG*vvvOsvvv+vvv}vvv?GyvvvqvvvGvvv(IGyvvvjvvvPGFvvv+vvv?|vvv#2411|vvvz+(fOh:Qvvvv}vvvAvvv(SvvvbyvvvzvvvqvvvAvvvQI

1970vvvv1972E]15044|z+(fOh:Qf9e2003,Cj7,5|QIh$,<9RO*9O|TA}Q.

3vvvvv*vv;IvveC*vv]vv9
k

|vv#G@vvOhdGCPvvv(QCf
q

svv+vv}vv?Yvv9OQGJGyvvTvvzvvhGyvvjvvPGFvv+vv?IvvOhOI

(31)GC"vvvdvvv}vvv?GyvvvgvvvQ<vvv+?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,GyvvwvvAvv9HGyvvTvv"vv(jyvv5IvvZvv9AGJGyvvRQGfvv+vv?GyvvgvvQ<vv+?:GCGvvzvvO23
(GBQ_(e:GC"d}?,2003).

(32)GCZOQ!qT&.
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FvvvOG
k

,EP:@vvvR*vvvOfvvv#CvvvzvvvEGCTvvvAvvv(QOGJGyvvvjvvvPGFvvv+vvv?.h@vvvAvvv}vvvDvvv{<vvvWvvvwvvv{CSvvv9Svvv,<vvv9Bvvv]vvv9Q
hGyq(Gv&hG}S}9ch<g^GA=(H<9y"T=?E]<g^GyOhdGygQ<+?|D{S(Q*9.

4vvvvv<v9yv"vTv=v?E]GCTvAv(QOGJ,@vzOGAv=v(H<v9yvOQFv?G}h]h<v"vTv=v?42,2pv,GC8v?
|vv#IvvGvv~G:SvvAvv+vvQGOGyvvwvv\,*vvz+%vv9GAvvz+>h|vvWvvAvvtvv9@vv&<vv"vvTvv=vv?12,5pvv,GC8vv?,pvv9yvvR*vv(J
Gyvv"vv=vv9@vv+?<vv"vvTvv=vv?10,7pvv,GC8vv?,pvv9yvvTvvwvvQ<vv"vvTvv=vv?9pvv,GC8vv?,Cvv~qGyvvqvv(Gvvv&hGyvvzvvJvv(eGAvv}vvQGA
<vv"vvTvv=vv?5,6pvv,GC8vv?yvvwvv{|vv"vv%vv}vv9,pvv,Ivv_@vvAvv(RYGyvv"vvTvv=vv?Gyvv=vv9svv+vv?hsvvOQ$vv914,3pvv,GC8vv?
f^<t+?GyTzhGCTA(QOI<"T>IOhOI.

G@OhdQs~(14vvvvv6)
GC(GR*#GyTzg+?yz}G}(f9JGyjPGF+?GyQF+T?p,Gy(_#GygQN
yg9e2003(Gyw}+?1000_#hGyt+}?|z+(fOh:QC|Q*w,)

H}(f9JGyTzhGyZ9OQGJGy(GQOGJGC+RGf!T=?
GygGR(p,

GC8?)
v}+?s+}?v}+?s+}?v}+?s+}?

GA=(H(*)223041151931816754701775651,5

Gy=t(y+9J7134114043710694022,70

GyOQ!+9J410676742472641801,20

GB]9Q189054320027441132011,34

Gyq(Gv&18186963170135413526584,40

GyTwQ862557811293469512688,43

GyR*(JGy"=9@+?51134932041534219313857,90

GyzJ(eGA}QGA16324338224147905,20

GyzJ(eGy=+]9A22227366697146484,30

G}S}9c677738471531(206)(**)(206)(**)1,40

Gy=+^119404028401,30

GAz+>h|"AG9@&66330210795242510131211314,10

GCG}(Y32381827515044100,00

|v;IvdvAv9f:(*)Gyvv"vvZvvrsvv}vvKhOsvv+vvuhGyvv"vvZvvrG6LvvQIvv=vv(HCLvvQi.(**)Gyvvtvv+vv~\vv}vv#G}svv(GS@vvgvv"vv,
s+}9

k
|(F=?.
GCZvvOQ:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,@vvtvvQ*vvQCh\vv9YG}|vv#GyvvjvvPGFvv,GyvvgvvQNyvvgvv9e2003(GBvvQ_vv(e:

GC"d}?,2003).

556



EPGvvv9fGyvv(GsvvhGAvv9[yvvzvvjvvPGApvv,Gyvv(_vv#GyvvgvvQNSvvzvv=vv+vv9
k
<vvOQFvv?@vvR*vvOfvv#50pvv,GC8vv?

h<vvMvv9Yvv?<vv9yvv"vvTvv=vv?E]GyvvTvvzvvhGyvvjvvPGFvv+vv?G}Svv9Svv+vv?vvv9Avv=vv(HhGyvv=vvtvv(y+9JhGyvvTvvwvvQ,hfvvOO
Svvwvv9!vv&svvQG<vv?298|vvz+(f!vvTvv}vv?pvv,Gyvvgvv9eGCOQhS(fvv9e2003),pvvwvv+vvrSvv+vvwvv(ffvvz+&
GAv9dpv,Gyvgvtv(OG}h]|v#GyvtvQfGyv(GIvOhGyvgvWvQ*v#(fv9e2020|vDv;

k
)Iv+vE|v#GCAv(svh

Cf*vZv{fvOOSvwv9!v&E]492vvvvv542|vz+(f!vTv}v?(hpvu|vgvOd!v}v(Svwv9P*vtvh<v+#2,5
pvvv,GC8vvv?hIvvvAvvv)3,8pvvv,GC8vvv?@vvvtvvvQ*vvv=vvv9

k
)(33).hpvvv,\vvv(AIvvvOhO*vvv?GC(GQOGC9Fvvv+vvv?hG}Q\vvv+vvv?

GyvvgvvQ<vv+?,hG!vvMvvqvv9V|vvgvvO:JGyvvjvvzvv?h@vvZvvJvvQsvvTvv~vvv=vv+vvQ|vv#G}QG\vv,GCavvQ*vv?,hivv+vv9H
G:SvvAvvDvv}vv9QGJGyvvgvvQ<vv+?fvv#GyvvRQGfvv?hGfvvAvv}vv9OGyvvOhdGyvvgvvQ<vv+?Gyvv"vvqvvavv+vv?pvv,@vv(pvv+vvQGIvvAvv+vv9Fvv97vv9
GyvvjvvPGFvv+vv?fvv#_vvQ*vvuG:SvvAvv+vvQGOhivv+vv9HGyvvtvvQGQGyvvTvv+vv9Svv,hG:svvAvvZvv9OjGC(IvvO,:!vvAvv(svvh
CTAt={GyjPGAGygQNCf*w(fp,h\hCIT#F9$(fz+&G6fEfD*w#CS(C|"&.

C9yD9

k
:GAOhOGy=+(p+R*t+? !A9LGyjPGAGyg9C,

yvvtvvO!vv}vv9E!vvAvv9LGyvvjvvPGAGyvvgvv9C,<vvWvvwvv{|vvTvvAvv}vvQLvv;dGyvvgvvtvv(OGyvvTvv9<vvtvv?<vvTvv=vv>GyvvAvv(Svvh
pvv,G}QG\vv,GCRQhfvv?|vv#Fvv%vv?(GyvvAvv(SvvhG}pvvtvv,),hyvvR*vv9OIGyvvjvvzvv?pvv,hIvvOIGCTvv9Ivv?
(GyvAv(SvhGyvQCSv,)|v#Fv%v?Cv9!v+?.Iv9y+9

k
@v(FvOE|vwv9!v+?yvzvAv(Svhpv,RQGfv?CQGV

m
FvO*vOI

pv,<vgv̂G}sv9y+~Gyvgv9C+v?,h:@vAv(GpvQ$vPgG |vwv9!v+?pv,Csv9y+~CLvQivv}v9|vQq|vgv"v9pv,
GyvvqvvZvv(dGyvvTvv9<vvtvv?,hyvvwvv#pvv,vvvDvv+vvQ|vv#GC"vv9_vvuGyvvRQGfvv+vv?QvvvOJGyvvjvv;d@vvtvvQ*vv=vv9

k
,pvv%vv{

*vgv"v,PyvxCf
q

Gyvgv9DsvOhGFv&IvOhOG
k
<v+(pv+vR*vtv+v?(<v+(|v9O*v?)(Biophysical Limits) !vAv9L

GyjPGA?Ef
q

G F9<?f#GyT|GdGCPv(Q@Aaz>GSAgQGVGy"t9WGyA9y+?:

1vvvvvG:pAQG\9JhfOeGyAzvO
Ef
q

GyvvOQGSvv9JGyvvgvvdvv}vv)Gyvvgvv9C+vv?Ivv(dE!vvAvv9LGyvvjvvPGAy+TvvBFvvO*vvOI,pvv9yvv=vv9IvvDvv(fpvv,
|vO*vQ*v?Gyv=vJv(KGyvRQGfv+v?pv,Fv9|vgv?pv9iv+""vjv#(Wageningen)GyvRQGfv+v?pv,$v(yv"vOG,svO
C\vvvv9pvvvv(GE]GyvvvvOQGSvvvv9JhGyvvvvAvvvvJvvvvz+;JGyvvvvTvvvv9<vvvvtvvvv?|vvvv"vvvv9svvvvWvvvv?Bvvvv+vvvv9QGJ@vvvvtvvvv"vvvv+vvvv9JG !vvvvAvvvv9L
hG:SA%;ch|gz(|9JOs+t?vD+QII(dGC(GQOGya=+g+?|#CQVh|+9g.

Ef
q

Gyvvtvv+vv~GCavvzvvtvv?CTvvAvv(*vv9JG !vvAvv9LGyvv(GQOIpvv,GCQGFvvhGyvvOhy+?;vvTvv>fvv9OIhpvvtvv9
k

yvwv{|v#G}QG\v,Gyv(GSvgv?hGC9AGyvgvPHh<v+9!v9JGC"v9Nh!v}v9PL!v}v(GCJv9Yv+v{.h@vAv=vzv(Q

(33)hGCvvuQSvv(dBivv9,zGC(GQOGC9Fvv+vv?GCAvv9Ivv?hGCTvvzyvv?GC9Fvv+vv?pvv,Gyvv(_vv#GyvvgvvQN,yhQsvv?svvO|vvBE]:GC+vv9g
hOhQ$v9G:SvAvQG@v+Gv,pv,Gyv(_v#GyvgvQN:Cfv}v9dGyv"vOhIGyv=vQC9!v+?GyvgvQ<v+?GBv9|vTv?GyvAv,!vdv}v%v9G:;v9OGyv=vQC9PGyvgvQN
<v9yvAvgv9hf|vhGyvWvgv=v?Gyv=vQC9!v+?GyvgvQ<v+?GyvTv(Q*v?,17-18Vv=v9W/pv=vQG*vQ1997(O|vvWvvu:G:;vv9OGyvv=vvQC9PGyvvgvvQN,
[1998]).
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$vvPgGyvvtvv+vv~<vv{|vvwvv9!vv+?GyvvR*vv9OIChGyvv"vvtvvZvv9f|vv9<vv+#25vvvvv50pvv,GC8vv?|vv#GyvvRQGfvv+vv?vvvvvGyvv=vv+vv8vv+vv?
GC(Fvv%vv?(Environmental - Oriented Agriculture Biomass)

(34).EfGyvvqvv(GFvvOGyvvwvv9|vv"vv?pvv,
GyvAvtv"v+v9JGAv+v(*v?*v}vwv#Cf@vqvgv{pvgvzv%v9pv,E!vAv9LGyvwvAvzv?GAv+v(*v?h<v9yvAv9[pv,E!vAv9LGyvjvPGA
GCzyvv(a,Ch@vv"vvgvvwvvUpvv,G6Cvv9QGyvvwvv9|vv"vv?yvvzvvAvvjvv+vvQGJGyvvgvv9C+vv?(|vvgvvO:JGyvv%vvavv(dGCavvQj,
|vvTvvAvv(*vv9JGyvv=vvJvv9Q,@vvO$vv(QGyvvAvvQH),h$vvPgD@vv|LvvP<vvgvv_G:fvvAvv=vv9Q$vv"vv9,pvv9yvvqvv(Svvqvv(Q
*}w#Cf*Z=K|(QOG

k
IOhOG

k
f"O|9@a=uGyRQGf?Gy=+8+?vvvvvGC(F%?@a=+t9

k
f9C+9

k
.

hyvvzvvJvvZvv(dfvv̂hFvv%vv?!vvdvvQhG\vvJvv?fvv#GCJvvOOGJGyvv=vv+vv(pvv+vvR*vvtvv+vv? !vvAvv9LGyvvjvvPGA,
pvvvvtvvvvOCLvvvvQFvvvvBGCJvvvvOOGJG:svvvvAvvvvZvvvv9O*vvvv?vvvvvG:FvvvvAvvvv}vvvv9fvvvv+vvvv?|vvvv#GyvvvvAvvvvJvvvvz+;J,Cvvvv~qCFvvvvQ*vvvvB
GAvvTvv9<vv9Jyvv~h\vv9YGyvvAvv,*vvTvvAvvjvv{pvv+vv%vv9GCRGQfvv(fCpvv]vv{GyvvAvvtvv"vv+vv9JGCAvv(GpvvQI,<vv}vv9pvv+vv%vv9
GyvvOhQIGyvvjvvPGFvv+vv?yvvzvvgvv"vv9YvvQh$vvPgsvvO:*vv}vvwvv#;vvtvv+vvtvv%vv9@vv}vv+vvhG}svv9y+~pvv,Gyvvgvv9DGyvv"vv9|vv,
L;dF+{ChGC"_f^G}s{.

2vvvvv|9$,GAOhOGy=+(p+R*t+??
*vvgvvQqaGAvvOGyvv=vv+vv(pvv+vvR*vvtvv,ChGyvv=vv+vv(_vv=vv+vvgvv, !vvAvv9LGyvvjvvPGA<vvz!vv&zG:SvvAvvjvv;dGyvvwvv9|vv{

@v}v+vhG}QG\v,Gyvtv9<vzv?yvzvRQGfv?GyvAv,<vzvjvBGyvjvzv?Gyvwv9|v"v?y(35).h|v#GCgvQhaCf
q

$v"v9c
IvvO
q
G
k
!vv(fvv+vv9

k
Cfvv̂yvvjvvz

q
vv?GCJvvZvv(dpvv,Cj<vvtvvgvv?CQV,h*vvAvvJvvOO$vvPGGAvvOGyvv"vv(fvv,G}fvv̂

<vvwvv{|vv#!vv(YG}QVhGC"vv9Nh|vvzvvwvv+vv?GCJvvZvv(dh|vv+vv9gGyvvQjGCAvv(GpvvQI.h*vv}vvwvv#GAvvZvv(d
fvvv̂$vvvPGGAvvvOGyvvv"vvv(fvvv,G}fvvv̂fvvv"vvvO|vvv9MvvvAvvv9QGCRGQYGyvvvAvvvOGLvvv{G}|vvvDvvv{}!vvv(GYGCJvvv9Yvvv+vvv{
(GyvvvvOhQIGyvvvvRQGfvvvv+vvvv?GCDvvvv̂)hG OGQIGCDvvvv̂yvvvv%vvvv9.h@vvvvZvvvv{$vvvvPgGyvvvvjvvvvz

q
vvvv?Gyvvvvwvvvv9|vvvv"vvvv?E]Ivvvv(G]

10000vvvk/$vvvvyvvzvvJvv=vv(H.$vvPG,h*vv}vvwvv#RQGfvv?Cvv;Cvv?Ivv9Yvv+vv{Svv"vv(*vv9
k
pvv,\vv(AGC"vv9N

GC"vv9Svv>,pvvtvvO@vv~q@vvQ<vv+?CYvv"vv9aJvvAvvzvvqvv?|vv#GCJvv9Yvv+vv{@vvTvv}vvKChEvvw
q
vv#|vv#Gyvv(Yvv(dE]

$vPgGCTvAv(*v9Jpv,cv{GyvgvO*vO|v#GAv9:Jh<vWvwv{CvvDvQ<vwvDv+vQ|v#G}Yv"v9aGyvAvtvz+O*v?.
ytORGOJGyjz?Gyw9|"?PG79<OQF?|gAOy?p,Gygt(OGytz+z?GC9\+?.

Ef
q

svQG<v?CvzvDv,SvavKGyvwvQIG}Q\v+v?*vTvAvjv{@vtvQ*v=v9vvzQGV
m

Qfv(*v?,vv}v9Ef!vZvr
$vvPgGCTvv9Ivv?|vv;Fvv}vv?yvvzvvRQGfvv?GBvvZvv=vv?,h<vv9yvvAvv9[*vv}vvwvv#Gyvv(Yvv(dE]GAvvOGyvv=vv+vv(pvv+vvR*vvtvv,
}QV$vPgGC"v9_vu !vAv9LGyvjvPGAfv"vO|v9!v"vAv%v,|v#QjhRQGfv?JvAvzvrG}QG\v,Gyvtv9<vzv?
yvvzvvRQGfvv?GAvv9y+?,h*vvAvv~Qfvv,GyvvtvvTvv~GCAvv=vvtvv,|vv#G}QG\vv,GyvvQfvv(*vv?GCPvvv(QI.pvv,Ivv9yvv?
GSvAvMvOGeG}QG\v,Gyvtv9<vzv?yvzvRQGfv?<vwvqv9AIE!vAv9Fv+v?fv9y+?pv{f

q
vv}v+v9JGC+v9gGyvZv9Av?yvzvQj

(34)F. W. T. Penning de Vries [et al.], «Biophysical Limits to Global Food Production,» (2020

Vision; Brief 18, International Food Policy Research Institute (IFPRI), Washington, DC, 1995).

(35)GCZOQ!qT&.
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p,Gyg9D(36).
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@vvvWvvv=vvv&GyvvvRQGfvvv?GCTvvvAvvvOG|vvv?Gyvvv"vvvdvvv9eGyvvvRQGfvvv,GCAvvvwvvv9|vvv{GAvvv9[pvvv,ChQh<vvv9GyvvvjvvvQ<vvv+?,E:C!vvv&svvvO
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@vvTvvAvvavv+vvhG:SvvAvv}vvQGQfvv̂GCOiGyvvavv(*vv{<vvTvv=vv>GyvvAvvzvv(KhGCWvv9vvv{Gyvv"vv9:vv?fvv#G6pvv9JGyvvAvv,
@vvvTvvvAvvv}vvvQpvvv,GyvvvAvvvwvvv9CvvvQpvvv,GCRGQYhpvvv,Gyvvv=vvv+vvv8vvv?PG7vvv9(37).hKvvv>fvvv̂!vvvdvvv~G !vvvAvvv9LGyvvvRQGfvvv,
GCTvvvAvvvOG|vvv?:vvv"vvv>GSvvvAvvvgvvv}vvv9dG}Svvv}vvvOIGyvvv"vvv+vvvAvvvQhFvvv+"+vvv?h<vvvMvvv9Yvvv?@vvvwvvvQGQ$vvv9(!vvv(fvvv+vvv?G}Svvv}vvvOI
hGyvwv}v+v9J!vqvTv%v9).vv}v9Kv>GSvAv}vQGQGyvOhQIGyvjvPGFv+v?fv̂GCTvAv(iGCJv\.hpv,cv{$vPG
Gy"d9eSAg9OdGyjz

q
?GCD^y(IOIGCT9I?CzEI9y?GQ@q9f%9.
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yv~QG\v,Gyvtv9<vzv?yvzvRQGfv?,h|v#GC"v9NG@v+vOhGC+v9gGyv(GpvQIGCAvwv(!v?<vqvgv{Gyvjv9<v9JGyvAv,
@vvjvvavv,GyvvAvvQHGAvv9y+?yvv%vvPGG svvz+~.C|qvv9Csvv9y+~Vvv}vv9dhFvv"vv(HGyvvtvv9QIG}pvvQ*vvtvv+vv?hivvQH
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G !vAv9LGyvgv9C,GyvTv"v(jyvzvJv=v(HGyv"vGv+vz+?*vtv9QHGyvvvvv72<vz+(f_v#|vAvQjpv,

(36)GCZOQ!qT&.

(37)GCZOQ!qT&.
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Ivv9yvv?@vvavv=vv+vvu!vv}vv(PLGyvvRQGfvv?Gyvv=vv+vv(@vvwvv"vv(yvv(Fvv,GC(Fvv&,h30<vvz+(f_vv#|vvAvvQjpvv,Ivv9yvv?
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|vvQIvvv}vv+vv?G !vvAvv9LGAvv9y+?Gyvv=vv9yvvjvv?CQ<vvgvv?<vv;*vv__vv#|vvAvvQj.h@vvTvv9$vv~GyvvRQGfvv?GCQh*vv?|vv"vv%vv9
<vvtvvQG<vv?50pvv,GC8vv?|vv#GCGvv}vv(YyvvwvvzvvAvv9GAvv9yvvAvv_(38).hpvv,Ivv9yvv?GSvvAvvgvv}vv9dvvv}vv+vv9JGC+vv9g
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CYvv(dIvv+vv(G!vv+?)Cvv;K|vvQGJR*vv9OIpvv,GyvvwvvAvvzvv?GAvv+vv(*vv?yvvzvvqvvQO(Ivv(G]1530vvvkyvvzvvqvvQO
pv,GyvTv"v?),E\v9pv?E]vv}v+v?vv=v+vQIC*v]v9

k
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GyvvTvv"vv?)(40).h@vvAvvzvvMvv[fvv}vvz+?;vvTvv_@vvtvv9!vv9JG}ivvP*vv?pvv,R*vv9OIvvv}vv+vv?GyvvwvvAvvzvv?GAvv+vv(*vv?
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Gyvv(pvv+vvQIhGAvv9h*vv?yvvwvv}vv+vv9Jvvv9pvv+vv?|vv#Gyvv=vvQh@vv+#GAvv+vv(GP.Cvv~qsvv(Qf!vv}vv(PLGyvvavvzvv>fvv̂
G}ivvP*vv?<vv9CAvv(SvvbGAvv9hj(fvv̂Gyvv"vv}vv(GyvvTvvwvv9PGCgvvAvvOdhvvvPyvvxGyvvjvvPGAGCgvvAvvOdC*vv]vv9

k
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|vhGCTvAv(*v9JGyvwv9|v"v? !vAv9LGyvjvPGAhfvQV<v9yvWvwv{Qsv~(14vvvvv2),h|v"v&!v;IveCf
G svz+~GAv9hjyv"vTv=v?Csv{|v#Gyv(GIvO:*v}vwv#@vav9<vuGSvAv%v;vv&yvzvjvPGA|vhE!vAv9LGyvjvPGA
p+&.

(38)GCZOQ!qT&.
(39)GCZOQ!qT&.
(40)GCZOQ!qT&.
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GyWw{Qs~(14vvvvv2)
!T>fQVGyjPGAGyw9|#<9y"T=?E]Gyaz>

(hpuGy"}(PLGCgAOdyzaz>f^GyjPGA)

|;IdA9f:(1)@W+QGBa(WE]GCOiGyPj@Aj+Qp+&Gy"T=?<+#!}9PLGyaz>GyO!+9hGygz+9.
(2)@vvgvv"vv,G}Qsvv9eGyvvAvv9[:1vvvvvC|vvQ*vvwvv9G@vv"vv(<vv+?vvvvv2vvvvvC|vvQ*vvwvv9Gyvv(Svvavv)vvvvv3vvvvvC|vvQ*vvwvv9GyvvWvv}vv9y+?vvvvv4vvvvvVvv}vv9d

CpvQ*vtv+v9vvvvv5vvvvvivQHCpvQ*vtv+v9vvvvv6vvvvvhSvbCpvQ*vtv+v9vvvvv7vvvvvVvQbCpvQ*vtv+v9vvvvv8vvvvvFv"v(HCpvQ*vtv+v9vvvvv9vvvvvChsv+v9!v(Sv+v9vvvvv10vvvvv
Vvv}vv9dVvvQbBSvv+vv9vvvvv11vvvvvVvvQbBSvv+vv9vvvvv12vvvvvFvv"vv(HBSvv+vv9vvvvv13vvvvvivvQHBSvv+vv9vvvvv14vvvvvG:;vv9OGyvvTvv(pvv+vv9OGyvvTvv9<vvuvvvvv
15vvvvvChQh<9vvvvv16vvvvvGyg9D.

GCZvvvvvvvvvvvvvvvOQ:F. W. T. Penning de Vries [et al.], «Biophysical Limits to Global Food Production,»

(2020 Vision; Brief 18, International Food Policy Research Institute (IFPRI), Washington, DC, 1995).
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=vvv+vvvhG}svvv9y+~Gyvvvgvvv9C+vvv?yvvv"vvvdvvv9eGyvvvRQGfvvv?vvvvvGyvvv=vvv+vvv8vvv+vvv?GC(Fvvv&,pvvv{8vvv9@vvvTvvvAvvvavvv+vvvhE!vvvAvvv9LGyvvvjvvvPGA
GCavzv(H,hIvAv)<v9yv"vTv=v?E]GyvjvPGAGyv(GpvQ,(<v9SvAvDv"v9ACsv9y+~VvQb,Fv"v(H,hFv"v(H
VvvQbBSvv+vv9GyvvAvv,@vvgvvAvv=vvQ|vv"vvJvvQpvv?fvv#<vvtvv+vv?G}svv9y+~Gyvvgvv9C+vv?,Svv(a;vv(jCvvvDvvQ|vv#!vvZvvr
Svvwvv9fGyvvgvv9D).C|qvv9Esvvz+~ivvQHBSvv+vv9vvvvvVvv}vv9dCpvvQ*vvtvv+vv9,CjG svvz+~GyvvPjLvv(jGyvv(_vv#
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yvvvzvvvRQGfvvv?@vvvtvvvh<vvv+#30vvvvv50pvvv,GC8vvv?pvvvtvvvb;hC|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?yvvv"vvvTvvv=vvv?20pvvv,GC8vvv?;
h<"T>Cs{yw{|#C|Q*w9G@"(<+?hChs+9!(S+9(41).
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G sz+}_(Gyg9DGy"9|,hGygQN),hPyxp,GyqZ{hG}L+Q|#$PGGC|yr.

(41)GCZOQ!qT&.
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GCTvvvGvvvzvvv?pvvv,G:SvvvAvvvGvvv9<vvv?yvvv~Svvvgvvv9QGyvvvgvvv9C+vvv?,h@vvv"vvv9svvv[GCMvvvRhfhG!vvvMvvvqvvv]vvvBGyvvvOLvvv(d,
<vvTvv=vv>G}R|vv9JG:svvAvvZvv9O*vv?GyvvAvv,IvvOCvvBpvv,VvvQbBSvv+vv9,GyvvAvv,Lvvq

q
vv]vvBGyvvavvzvv>fvv̂

GyvTvzvhGyvjvPGFv+v?<vTv=v>$v=v(WCSvgv9QGAv=v(H,Qv
q
vRJGyvTv+v9Sv?hGyvTv+v9Sv+v(fpv,vvDv+vQ|v#

OhdGyvgv9DIv(dGyvtvzvuGBv9U<v9CTv9fvOGJGCAvgvzvtv?<v9CRGQfv_hvv+vqv+v?Ev(*vzv%v~CvvDvQ|v#
@Qv+R$~f^|W9v{GygQVhGyaz>.

yvvtvvO@vv~qGyvvAvv"vv=vv|<vvgvvQVh_vvzvv>GyvvjvvPGApvv,Gyvvgvv9D|vv#svv=vv{GyvvgvvO*vvO|vv#GC"vvdvv}vv9JGyvvOhy+?
vvv}vv9h\vvJvv"vv9Pyvvx<vv9yvvAvvqvvZvv+vv{pvv,GyvvqvvZvv{GyvvTvv9<vvu,E:Cf

q
|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGA

Gyvvvgvvv9C,(IFPRI)CfvvvOOQGSvvv?IvvvO*vvvDvvv?Ivvv(d_vvvzvvv>hfvvvQVGyvvvjvvvPGApvvv,Gyvvvgvvv9DhQ<vvvbPyvvvx
<vAvGv9QIhCSvgv9QGyvjvPGAhG}|v#GyvjvPGFv,IvAv)Gyvgv9e2020,hpvtv9

k
yvzv}v(O*v{GyvQ*v9\v,Gyvgv9C,

GyvvvPjCfvvvO
q
gLvvv=vvvQGAGCgvvv%vvvOGCPvvvv(QIvvv(d;vvvz+{Svvv+vvv9Svvv?GyvvvTvvvzvvvhGyvvvRQGfvvv+vvv?h:vvv9Q7vvv9GCTvvv}vvv9I

(International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT)).
*vvjvvavv,GC(O*vv{GCPvvv(Q(36)<vvzvvOG

k
ChHvv}vv(fvv9JOhdh(16)Svvzvvgvv?<vv}vv9pvv+vv%vv9=vv+vvhGAvv=vv(H

hpvv(dGyvvZvv(*vv9hG@vvPhQhGyvvOQ!vv+9JhGyvvzvvJvv(eh|vv"vvAvvGvv9JGAvvz+>(h$vv,EvvDvv{=vv+vvh|vv"vvAvvGvv9J
GyvvvvjvvvvPGAhG}fvvvv;ahGSvvvvAvvvv%vvvv;vvvvv%vvvv}vvvv9).vvvvvPyvvvvxLvvvvZvvvv[GC(O*vvvv{Hvvvv}vvvv(fvvvv?|vvvv#GyvvvvAvvvv(GR!vvvv9J
CTA(*9JGygQVhGyaz>yz=zOGfGCQ@=a?<}9@=tq)|#:9QIGyg9D(1).

(1)Per Pinstrup-Andersen, Rajul Pandya-Lorch and Mark W. Rosegrant, «Global Food

Security: A Review of the Challenges,» in: Per Pinstrup-Andersen and Rajul Pandya-Lorch, eds., The

Unfinished Agenda Perspectives on Overcoming Hunger, Poverty, and Environmental Degradation

(Washington, DC: International Food Policy Research Institute (IFPRI), 2001).
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Ef
q

_vzv>GyvjvPGA$v(OGyv?Ch@v9<vhyvwv{|v#:OLv{GyvqvQOhGyv"v}v(GyvTvwv9P,h$v(
*vvWvv}vv{GyvvjvvPGAGyvvavv9RLhGCZvv"qvvh.C|qvv9Gyvvavvzvv>fvv̂G}fvv;apvv%vv(OGyvv?Ch@vv9<vvhG !vvAvv9L
GAvv+vv(GPhCSvvgvv9QG}fvv;ahvvvqvv9AIGyvvAvvjvvP*vv?.h*vvAvvtvvQQfvv9OIE!vvAvv9LGCJvvZvv(d<vv9CTvv9Ivv?
hGSvvAvvGvv9<vv?OGyvv?Gyvvjvvzvv?.hsvvO@vv~qGyvvAvv"vv=vv|<vv9CTvv9Ivv?vvvOGyvv?yvvTvvgvvQGCJvvZvv(dh:SvvAvvDvv}vv9QGJ

GyvvQjh<vv}vvgvvO:JpvvtvvOG}QV<vvqvvgvv{GyvvAvvJvv]vvQ|vv#Fvv%vv?,hGyvvAvvO$vv(Q|vv#Fvv%vv?CLvvQi.
C|qvv9ivvzvv?GCJvvZvv(dpvv%vv,SvvgvvQGCJvvZvv(dhCSvvgvv9QGCOLvv;JhG:SvvAvvDvv}vv9QGJ<vv9yvvQj,

hpv,!v}v(Gyvjvzv?GCAvgvzvu<v9yvAvjv+vQGyvAvtv"v,.Ef
q

R*v9OIG !vAv9Fv+v?h!v}v($v9*vgv(OGfE]GyvAvjv+v+vQ
GyvvAvvtvv"vv,GCtvvOQ<vv}vv(GQO|vvwvv(!vv9@vv&GyvvWvv9|vvzvv?hGCAvv}vvDvvzvv?<vv=vvJvv(KG OGQI(pvv,Ivv9yvv?Ivv9Yvv+vv{
GyvjvPGA)h<vJv(K@vQ<v+?Gyv"v=v9J.vv}v9CLvPJ<vgv_G:fvAv=v9Qpv,GC(O*v{|v(\v(YGC(GQO
G}LvvQih|vv"vv%vv9GSvvAvvDvv}vv9QGJGyvvtvvavv9YGBvv9Upvv,Gyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvAvv"vv}vv+vv?hG QVvv9O
GyvvRQGfvv,hGyvvAvvgvvz+~hG}Svv(GbhGyvv=vv"vv+vv?GyvvAvvJvvAvv+vv?hGyvvQj.hpvv,|vv9*vv\!vvAvv9FvvH$vvPgGyvvOQGSvv?
GyA,@(\KI9y?G}|#GyjPGF,Gyg9C+?.

Ch:
k

:G}|#GyjPGF,Gyg9C,hpt9
k
yzTzhGyjPGF+?

yvvtvvO@vv(GpvvQJyvvzvvgvv9DIvv9y+9
k

Lvv=vvQGJ:Svv9<vvtvv?yvv%vv9pvv,R*vv9OIGyvvTvvwvv9fLvv;dGyvvtvvQf
GC9\vv,,EvvDqvvzvvB<vv{\vv9pvv?|vvz+9QpvvQOvvv{fvvtvvO|vv#Gyvvgvvtvv(OGyvvDvv;Cvv?G}Lvv+vvQIyvv&.hyvvtvvOQGpvvu
$vvPGG:!vvqvvGvv9QGyvvTvvwvv9P;vv(:JOQG|vv9@vv+wvv+vv?pvv,E!vvAvv9LhGSvvAvv%vv;cGyvvjvvPGA<vv}vv9pvv+vv%vv9|vv(Fvv?
G:!vOpv9Ypv,E!vAv9LGAv=v(HGyvgvzvqv+v?GyvPjG!vgvwvUpv,R*v9OIE!vAv9LhGSvAv%v;cGyvzvJv(e,Fv9
!vvvAvvvHfvvv"vvv&hFvvv(OIvvv9yvvv?|vvv#Gyvvvavvv(GQ yvvvR*vvv9OIOhQGyvvvAvvvGvvv9QIGyvvvgvvv9C+vvv?<vvvWvvvwvvv{CSvvv9Svvv,pvvv,
GAv=v(Hpv,GyvTv"v(GJG}Lv+vQIE:C8v9|v9RGyvB|v"vMvqv]v?pv,C!v(GYGAv=v(HhGCJv9Yv+v{
G}LQiv9y=t(y+9JhGy=a9_9hGywT9p9(GyWw{Qs~(15vvvvv1)).

vvvPyvvxOLvvzvvBCYvv"vv9aIvv9Yvv+vv{Gyvvtvv}vvKhG}QRfvv9y+?Gyvvjvvz
q
vv?<vvTvvQfvv?hvvvDvv9pvv?E]

Gyvvtvv9QIG6Svv+vv(*vv?Lvv;dGyvvTvv=vvgvv+"+vv9JhGyvvDvv}vv9!vv+"vv+vv9J|vv#GyvvtvvQfGC9\vv,,Jvvqvvqvv?<vvPyvvx
GBvv(a|vv#GCGvv9fvv?.hyvvwvv#E!vvAvv9LGAvv=vv(HD*vvAvvtvvOevvvDvv+vvQG

k
,pvv%vv(*vvROGO<vv=vvbA:*vvTvv9*vvQ

R*vv9OGJGyvvTvvwvv9fpvv,<vvgvv̂GyvvOhdvvv9yvv%vv"vvOhOhdGyvv(_vv#GyvvgvvQN|vvDvv;
k

,E:Cf
q

GyvvgvvO*vvO
|vv#GyvvOhdG}LvvQiG!vvAvvtvvzvvB<vvTvvQfvv?E]G:SvvAvv+vvQGOGCwvvDvvr(h|vv"vv%vv9OhdGBvvz+HGyvvgvvQN
h|vvZvvQyvvAvvjvvP*vv?Vvvgvv(6vv9,hPyvvxE|vv9<vvTvv=vv>E!vvAvv9Fvv%vv9GCJvvOhOFvvOG

k
vvv}vvZvvQ,Ch<vvTvv=vv>

R*v9OIGyvOLv(d<vWvwv{CSvQY|v#R*v9OIGyvTvwv9fvvOhdGBvz+HGyvgvQN)IvOCv?@vRG*vOG
k

pv,
Gyvvavvzvv>fvv̂GyvvjvvPGAhfvv̂GAvv=vv(HGyvvgvvzvvqvv+vv?.yvvtvvOivvQsvvBvvv{|vv#G}QFvv"vvAvv_hCSvvAvvQGy+9
hChQh<v9hC|vQ*vwv9GyvWv}v9y+?<vqv+v]v9f|v#GyvZv9OQGJGyvRQGfv+v?GyvjvPGFv+v?,Iv+vE@v]v9fvr
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IvGv~GAv=v(HGCAv9FvQ6v9fv9C+v9
k

CvvDvQ|v#|vQ@v+#Lv;dGyvgvtv(OGyvDv;Cv?G}Lv+vQI,<vJv+vE
hY{E]CvDQ|#250|z+(f_#p,ChGLQGyATg+"+9J.

GyWw{Qs~(15vvvvv1)
G}Qs9eGyt+9S+?yzTw9fhE!A9LGyjPGAp,Gyg9D1966vvvvv1998

h<vvv}vvvgvvvQpvvv?GyvvvAvvv"vvv=vvv|GJGC]vvv9OIChGCgvvv9vvvvTvvv?,pvvvtvvvOivvv+vvvQqJvvvv{|vvv#GyvvvZvvv_hGyvvv%vvv"vvvO
IvvGvv~_vvzvv>GyvvTvv(bpvv+vv%vv9,h*vvgvv(OSvv=vv>Pyvvxpvv,FvvRAvvv=vv+vvQ|vv"vv&E]Gyvv"vv}vv(Gyvv=vvavv,A
yvvzvvOLvv{hyvvzvvTvv+vv9Svv9JGyvvAvv,QpvvgvvBCSvvgvv9QGyvvjvvPGAh\vvjvvavvB_vvzvv>GyvvjvvPGApvv,Gyvv(svvB
!vvqvvTvv&.fvv̂GCTvvAvv(iGyvvgvv9C,G!vvMvvqvv]vvBCSvvgvv9Qvvv{|vv#GyvvPQIhG}QRhGyvvtvv}vvKCvvvDvvQ|vv#

50pvv,GC8vv?Lvv;dGyvvgvvtvvO*vv#G}Lvv+vvQ*vv#,h<vv9yvvAvv9[CYvv=vvKGyvvjvvPGA|vvAvv(GpvvQG
k
yvvwvvqvv9*vv?_vvzvv>

G}Svv(Gbyvv%vvPgGyvvTvvzvvh.h$vvPG:*vvgvv"vv,<vv9yvv]vvQhQI\vv}vv9fG}|vv#GyvvjvvPGFvv,.EPfvv"vvO|vv9:
@vAv(GpvQGyv"vtv(OyvOiGyvTvwv9fChG}pvQGOyvWvQGAGyvjvPGA,:@vAv=vzv(QGIvAv+v9Fv97v~h_vzv=v97v~
p,G}S(Gb.

hyvvwvv#|vv9$vv(GyvvTvv+"9Q*vv(G}Svv9Svv,CTvv+vvQIGyvvgvv9Dyvvgvv9e2020?h$vv{*vvTvvAvv}vvQG@vv(Y
<vTv+vavQ@v&fv̂fvWvQGJGC;*v_|v#G}_vqv9dpv,GCTvAvtv=v{GCOQc?$v{*v}vwv#CSvUGC(GQO
Gyvvavv=vv+vvgvv+vv?yvvzvvwvvQIG}Q\vv+vv?Cf@vvwvv(fsvv9OQIfvv̂@vv(pvv+vvQ_vvzvv>GyvvjvvPGA|vvhGyvvR*vv9OIGCTvvAvv}vvQI
yTw9fGyg9D?

@vAv}vDv{G Fv9<v?fv#G}Sv8vzv?GyvTv9<vtv?pv,|v9*vgvQ\v&GC(O*v{GyvPjsvO|v&Lv=vQGA|vgv%vO
<vvvJvvv(KSvvv+vvv9Svvv9JGyvvvjvvvPGAGyvvvOh[fvvv9e2000,Ivvv+vvvEVvvvQMvvvv+vvvqvvv+vvv?Efvvvavvv9AGyvvvAvvvtvvvO*vvvQGJ
G}pvv]vv{Cgvvdvv~Ch\vv9YGyvvjvvPGAGyvvgvv9C,GCJvvAvv}vvzvv?pvv,fvv9e2020,pvv,Ivv9dfvvOeEFvvQGA
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GAvwv(|v9JGyvAvjv+v+vQGJG}Sv9Sv+v?pv,Sv+v9Sv97v9GyvRQGfv+v?hG:svAvZv9O*v?hG:SvAvDv}v9Q*v?,hpv,
Ivvv9d<vvvtvvv9A|vvvgvvvO:J!vvv}vvv(GyvvvTvvvwvvv9f@vvvTvvv+vvvQhpvvvuG}Qsvvv9eGCtvvvO|vvv?|vvv#G}|vvv~GCAvvvJvvvOIpvvv,
@vv(svvgvv97vv9GCgvvAvvOyvv?.*vvtvvAvvQM$vvPGGyvvTvv+"9Q*vv(h*vvtvv(d:zE!vv&<vv9yvvQivv~|vv#E|vvwvv9!vv+?;vvTvv#G}|vv#
GyvvjvvPGFvv,Gyvvgvv9C,<vvgvv̂GyvvWvv,Apvv,GyvvgvvtvvO*vv#Gyvvtvv9O|vv_,E:Cf

q
|vv;*vv_G}_vvqvv9dSvv+vv=vvtvv(f

Fvv9Fvvgvv_,hCf
q

<vvgvv̂Csvv9y+~GyvvwvvQIG}Q\vv+vv?SvvAvv=vvtvv)<vvJvv9yvv?|vvQfvv=vv?|vv#fvvOe@vv(GpvvQGyvvjvvPGA
69C*]9

k(2).

h<v9yvQiv~|v#Cf
q

GyvOhdGyv"v9|v+v?svOIvTqv"vBpv,R*v9OGJGyvavzv>Gyvgv9C,yvzvJv=v(H,
E:Cf

q
Gyv"v}v(pv,_vzv=v97v9yvzvJv=v(HD@vAvTv9QYvv}v9vv9!vBSv9<vtv9

k
.h*vgv(OSv=v>PyvxE]

@vv=vv9_vv|Gyvv"vv}vv(GyvvTvvwvv9Ppvv+vv%vv9|vv#Fvv%vv?,hE]@vv"vv(*vvhGyvvTvvwvv9fyvv(Svv9Fvv{@vvjvvP*vvAvv%vv~,Lvv;a
GAvv=vv(H,|vv#Fvv%vv?CLvvQi,CjfvvOeG:fvvAvv}vv9Ofvv̂GAvv=vv(Hpvv,GyvvAvvjvvP*vv?.pvv,\vv(A
PyvvvxG!vvvMvvvqvvv]vvvBGyvvvAvvv(svvvgvvv9Jfvvv̂_vvvzvvv>GAvvv=vvv(HGyvvvgvvv9C,|vvv#2,3pvvv,GC8vvv?pvvv,GyvvvTvvv"vvv?
Lvvvv;dGyvvvvqvvvvAvvvvQI1974vvvvv1997,E]1,3pvvvv,GC8vvvv?<vvvv9yvvvvTvvvv"vvvv?Lvvvv;dGyvvvvqvvvvAvvvvQI1997vvvvv

2020(3).fvvv̂vvvv{Ivvv9d|vvv#GCAvvv(svvvhCf@vvvwvvv(fGyvvvR*vvv9OIGCavvvzvvvtvvv?pvvv,_vvvzvvv>GAvvv=vvv(H
Lv;dGyvqvAvQIG}Lv+vQIvv=v+vQIvv}v9vv9!vBR*v9O7v9Lv;dGyvTv"v(GJGyvvv23GyvTv9<vtv?vv}v9$v(
|(\Kp,GyWw{Qs~(15vvvvv2).

GyWw{Qs~(15vvvvv2)
Gyaz>Gyg9C,f^GA=(Hp,Cf(Ge1974,1997h2020

GCZvvvvvOQGf:International Food Policy Research Institute (IFPRI), IFPRI IMPACT Projection (June

2001), and FAOSTAT, <http://www.fao.org>, for 1974 data.

(2)GCZOQ!qT&.

(3)GCZOQ!qT&.
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$vvvPGh;vvvAvvv9LGyvvvOhdGyvvv"vvv9|vvv+vvv?pvvv,BSvvv+vvv9svvvQG<vvv?!vvvZvvvrGyvvvR*vvv9OIpvvv,Gyvvvavvvzvvv>Gyvvvgvvv9C,
yvzvJv=v(H<vTv=v>fvOOSvwv98v9Gyvwv=v+vQ|v#Fv%v?,h<vTv=v>;v]vQ$v9h!v}v($v9G:svAvZv9Oj|v#
Fvv%vv?Cvv9!vv+?,fvvzvv}vv9

k
<vvzf

q
GyvvZvv_hIvvOn$vv9;vvAvv9LCvvvDvvQ|vv#Q<vvhGyvvavvzvv>Gyvvgvv9C,yvvzvvJvv=vv(Hvvv}vv9

$(|(\Kp,GyWw{Qs~(15vvvvv3).

GyWw{Qs~(15vvvvv3)
GAZ[G sz+}+?yR*9OI_z>GA=(H1997vvvvv2020

$vvvPGhSvvv+vvvQ@vvvqvvvhGyvvvavvvzvvv>fvvv̂GyvvvzvvvJvvv(e6vvv9<vvv"vvvTvvv=vvv?55pvvv,GC8vvv?<vvv+#fvvv9|vvv,1997
h2020,fvvzvv}vv9<vvzf

q
|vvgvvdvv~GyvvR*vv9OISvvAvvAvvQvvvRpvv,GyvvOhdGyvv"vv9|vv+vv?.hyvvTvv(a;vvAvv9LGyvvZvv_

hIvvO
n$vv940pvv,GC8vv?|vv#$vvPgGyvvR*vv9OI|vvtvv9Q!vv?<vv9yvvR*vv9OIGCAvv(svvhIvvOhCvv%vv9pvv,Gyvv%vv"vvOhGyvv=vv9yvvjvv?
4pvv,GC8vv?.h|vvhPyvvxpvv{fGyvvavvzvv>fvv̂GyvvzvvJvv(eSvv(a*vvAvv]vv9fvvrpvv,OhdFvv"vv(HBSvv+vv9
hOhdF"(HVQbBS+9hOhdGyZJQGAG}pQ*t+?.

|vv#Fvv%vv?CLvvQi@vv=vvtvv)JvvZvvZvv9JGyvvqvvQOpvv,GyvvOhdGyvv"vv9|vv+vv?GCTvvAvv%vvzvvwvv?|vv#GyvvzvvJvv(e
Ohf|TA(*9JGSA%;cGyqQOp,GyOhdGCAa(QIy%9(GyWw{Qs~(15vvvvv4)).
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GyWw{Qs~(15vvvvv4)
!}9PLGyaz>Gyg9C,f^C!(GYGyzJ(ehR*9OG79L;dGyqAQI1997vvvvv2020

GCZOQ:IFPRI, IFPRI IMPACT Projection (June 2001).
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|vv#Fvv%vv?CLvvQi,Svv+vvR*vvOSvvwvv9fGyvvOhdGyvv"vv9|vv+vv?_vvzvv=vv%vv~fvv̂GyvvTvvzvvhGyvvjvvPGFvv+vv?(ivv+vvQ
GAvv=vv(H),pvvqvv,GyvvgvvO*vvO|vv#OhdGyvvZvvJvvQGAG}pvvQ*vvtvv+vv?@vvgvvAvv=vvQGCJvv9Yvv+vv{GyvvOQ!vv+?hG@vvPQ*vv?
h<vvMvv9Yvv?Gyvv=vvavv9_vv9GAvvzvv(IhGyvvwvvTvv9pvv9hGy+9e,GC(QOGyvvjvvPGFvv,GyvvQFvv+vvUyvv%vv9.h*vv}vvwvv#Gyvvtvv(d
EfGyvavzv>Gyvwv\fv̂GyvOQ!v+9JhG@vPQ*v9JSv(a*vROGOpv,GyvOhdGyv"v9|v+v?Lv;dGyvqvAvQI

1997vvvvv2020<vvvv55pvv,GC8vv?@vvtvvQ*vv=vv9
k

Cj(248|vvz+(f_vv#).hSvv+vvgvv(OyvvOhdCpvvQ*vvtvv+vv9
GyvvZvvJvvQGh*vv?svvQG<vv?43pvv,GC8vv?|vv#R*vv9OIGyvvavvzvv>$vvPg,|vvWvv+vvQI<vvPyvvxE]GyvvOhQGyvvwvv=vv+vvQ
GyvvPjSvvAvv|O*vv&$vvPgGyvvOQ!vv+9JhG@vvPQ*vv9Jpvv,ivvPGAG}pvvQGOpvv,$vvPGG svvz+~.C|qvv9Esvvz+~
VvvvvQbBSvvvv+vvvv9pvvvvzvvvvOhyvvvv&!vvvvZvvvv+vvvv>hG\vvvvKC*vvvv]vvvv9

k
|vvvv#GyvvvvR*vvvv9OIGyvvvvwvvvvz+?pvvvv,Gyvvvvavvvvzvvvv>fvvvv̂$vvvvPg

GCJv9Yv+v{GyvjvPGFv+v?,EP@vZv{$vPgGyvR*v9OIE]!vTv=v?21pv,GC8v?,pv,Iv_@v"vMvqv̂$vPg
GyvvvvR*vvvv9OIpvvvv,OhdFvvvv"vvvv(HBSvvvv+vvvv9E]14pvvvv,GC8vvvv?pvvvvtvvvvb.|vvvv#Fvvvv%vvvv?CLvvvvQi*vvvv}vvvvwvvvv#Ohd
GyvvZvvJvvQGAG}pvvQ*vvtvv+vv?hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?GyvvAvv(Svvh<vv9CTvv9Ivv9J<vvJvvOhO20|vvz+(f$vvwvvAvv9Qh8
|vv;*vv_$vvwvvAvv9Qfvv̂GyvvAvv(G[pvv,E!vvAvv9LGAvv=vv(H<vv+#fvv9|vv,1997h2020,pvv,Ivv_|vv#
GCA(shCf@OL{<t+?OhdGyg9DGy"9|,sQG<?13|z+(f$wA9Qptb.

pv,fv9e2020yv#@vTvAvav+vhGyvOhdGyv"v9|v+v?|v(GFv%v?_vzv=v%v9fv̂GAv=v(H|v#E!vAv9Fv%v9
GBvv9U|vvavvzvvtvv9

k
,h<vv9yvvAvv9[@vvWvvw

q
vv{GyvvAvvGvv9QIGyvvOhy+?GyvvOhQG}vvv=vvQpvv,@vvz|vv_GyvvjvvPGAyvvzvvgvvO*vvO

|vvv#Csvvv9y+~GyvvvwvvvQIG}Q\vvv+vvv?.h*vvv=vvvOhCf
q

|vvv"vvvAvvvGvvv,GAvvv=vvv(Hpvvv,C|vvvQ*vvvwvvv9GyvvvWvvv}vvv9y+?hChQh<vvv9
F9$Rhfhs9OQhff^@z=+?_z>GyOhdGy"9|+?$PG.

C9!+9
k

:GB+9QGJGCTAt=z+?y~|#GyjPGF,Gyg9C,

1vvvvvF=9<QIBS+9hG}|#GyjPGF,Gyg9C,
ivv9yvv=vv9

k
|vv9*vvgvv=vvQGyvv=vv9IvvDvv(ffvv#Cf

q
GyvvZvv_hGyvv%vv"vvOEvvDvv;fCvvzvvESvvwvv9fGyvvgvv9Dh@vvWvvjvv;f

GAvvZvv?Gyvvwvv=vvQi|vv#G}|vv#GyvvjvvPGFvv,Gyvvgvv9C,pvv,C*vvO9vv}vv9,pvv9yvvAvvJvv(:Jpvv,Svvzvv(cE!vvAvv9L
GyvjvPGAhGSvAv%v;vv&pv+v%v}v9*v}vw

q
v"v%v}v9|v#Cf@v"vAvGv9@vjv+vQGJJvAvzvqv?pv,CSv(Gb_vzv>GyvjvPGA

Gyg9C,hEIOGKGyAzC+QGJGCg9vT?f=QGyg9D.

|vvDvv;
k

,|vv9PGSvv+vvJvvOKEPG@vvTvv9QYGyvv"vv}vv(pvv,GyvvOLvv(dGyvv%vv"vvO*vv??h$vv{*vvtvv(OPyvvxE]
GSvAv%v;cGCR*vO|v#GyvzvJv(evv}v9IvOKpv,GyvgvO*vO|v#OhdGyvgv9DG}LvQi?yvtvOCIvOCvB
|vvDvv{$vvPgGyvvWvv(G$vvO,fvv̂vvv{Ivv9d,|vvqvv9Fvv5J|vv|vvvOI.pvv{PGvvv9f|vvAvv(SvvbOLvv{GyvvqvvQO
Gyvv%vv"vvOj|vvTvvAvvGvv+vv=vv9

k
yvv"vv}vv(GyvvQpvv9$vv+vv?pvv{!vv&Svv+vvTvvAvv%vvzvvxGCR*vvO|vv#GyvvzvvJvv(e<vvJvv+vvE*vvZvv{|vvgvvOd

GSvvAvv%vv;vvv&yvvvvvv18vvvkfvv9e2020,<vvJvv+vvE*vvZvv{E]|vvTvvAvv(*vv9JGSvvAvv%vv;cGyvvqvvQOpvv,vvv{
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|vv#Gyvv=vv9vvvTvvAvv9fhE!vvOh!vv+Tvv+vv9,hPyvvx<vv}vvgvvOd*vvgvv9Od\vvgvvqvv,GyvvAvv(svvgvv9JGCgvvOqIyvvzvv%vv"vvOhpvvtvv9
k

yvzvTv+"9Q*v(G}Sv9Sv,.pv,GyvZv_!v}v9GSvAv%v;cGyvzvJv(e<v}vgvO:J|vWv96v?yvAvzvxGCgvO:J

GyvvvAvvv,IvvvZvvvzvvvBpvvv,GyvvvgvvvtvvvOGC9\vvv,.$vvvPGG:Q@vvvqvvv9YGCqvvv9Fvvvrpvvv,GSvvvAvvv%vvv;cGyvvvzvvvJvvv(e(|vvv#
GCTvvAvv(*vv9JGC"vvMvvqvv]vv?)Svv+vv(FvvO_vvzvv=vv9JfvvO*vvOIh|vvAvvRG*vvOIfvv̂GyvvRQGfvv?Gyvv%vv"vvO*vv?h<vv9yvvAvv9[
*}w#Gy%"O;t+uGSA%;v%9GCJOhO|#GyzJ(ePG@+9

k(4).

yvvwvv#$vv"vv9c<vvgvv̂G:!vvDvv;|vv9J(Gyvvtvv9<vvzvv?yvvzvvGvvQMChGBvvOT)|vv(Fvv(OIpvv,vvv{|vv#
Gyv%v"vOh<vgv̂G@v=v9<vQIG6Sv+v(*v_vv9yvZv_,Iv+vE*vgvAvtvO<vgv̂GCQGsv=v_<vzf

q
vv;Gyv=vzvO*v#

Svv+vv(GFvv%vv9fYvvgvv(<vv9Jvvv=vv+vvQI|vvAvvgvvzvvtvv?<vvAvv(SvvhG !vvAvv9LGyvvRQGfvv,CvvvDvvQFvv9$vv,fvvz+&G6f,
hPyvx<vTv=v>@vO$v(QG}QVhsvZv(QGC+v9gh!v}v(GC"v9pvTv?|vhGCOfhGyvZv"v9fv?:SvAv%v;c
G}QVhGC+vv9ghGyvvAvvO$vv(QGyvv=vv+vv8vv,,|vv9*vv"vvgvvwvvU<vv9yvv"vvAvv+vvGvv?<vv9!vvMvvqvv9VIvv9O<vv9yvv"vv}vv(GyvvRQGfvv,
CvDQF9$(|W9$Op,GyT+"9Q*(G}S9S,.h$"9*=QRGyT|GdGyA9[:

vvv+vvrSvv+vvwvv(fG}CvvQfvv̂CSvv(GbGyvvjvvPGAGyvvgvv9C+vv?EPGvvv9!vvBR*vv9OIGyvvjvv;dhGCTvv9Ivv?
GCRQhf?p,v{|#Gy%"OhGyZ_@g9Od!Zr|9@(sg&Gy=9ID(f?

*vvtvv(dGyvv=vv9IvvDvv(fpvv,$vvPGGBvvZvv(UEf
q

$vvPGGyvvAvv=vv9_vv|ChG:!vvMvvqvv9Vpvv,G !vvAvv9L
Svv+"gvvwvvUfvv̂G6LvvQ*vv#,pvvtvvZvv(QGyvvjvvPGASvv(a*vvQpvvhG}Svvgvv9QGyvvgvv9C+vv?h*vvtvv(OC*vv]vv9

k
E]

\vvgvvrGyvv"vv}vv(G:svvAvvZvv9Ojh<vv9yvvAvv9[@vv=vv9_vv|Gyvvavvzvv>fvv̂GyvvjvvPGAh<vvMvv9Yvv?fvv̂GyvvzvvJvv(e.
hQiv~vv{Pyvx@v=vtv)vv{|v#Gyv%v"vOhGyvZv_sv(*vAv9f<v}v9pv+v&Gyvwvqv9*v?yvAvAvGv%v9<vTvQfv?!vJv(
GSvvAvv+vvQGOGyvvjvvPGA.pvv,fvv9e2020Svv+vv=vvzvvkfvvGvvRGyvvZvv_pvv,:vv9QIGAvv=vv(H\vvgvvr|vv9$vv(
hGQOpvv,GyvvTvv+"9Q*vv(G}Svv9Svv,(48|vvz+(f_vv#|vvAvvQj)CjsvvQG<vv?89|vvz+(f_vv#|vvAvvQj,
pvv,Ivv_@vvAvvJvv(dGyvv%vv"vvO|vv#Ohyvv?|vvwvvAvvqvv+vv?PG@vv+9

k
pvv,cvv{GyvvTvv+"9Q*vv(G}Svv9Svv,E]GSvvAvv+vvQGO

svQG<v?30|vz+(f_v#|vAvQj,h<v9yvAv9[*v"vtvQVGyvqv9Fv̂GyvAvGv9QjGyvRQGfv,GCAv(GpvQyvzv%v"vO
fvvv9e1997h*vvvAvvvJvvv(dE]fvvvGvvvR|vvvtvvvOGQg9,1<vvvz+(fOh:Qfvvv9e2020,pvvv,Ivvv_Lvvv(e
GyvvgvvGvvRGyvvAvvGvv9QjGyvvZvv+",C9*vvtvv9QH33,5<vvz+(fOh:Q.$vvPgGyvvR*vv9OGJpvv,GCTvvAvv(QOGJ
yvv#@vvtvvPa<vvzSvv(GbGAvv=vv(HhGyvvzvvJvv(eGyvvgvv9C+vv?E]GyvvAvvgvvavv{ChG:\vvavvQGHChE]7vv+vv+vvH
fvv}vvz+?G}Svvgvv9Q,EPEfCSvvgvv9QGyvvtvv}vvKhGyvvPQISvvAvvQ@vvqvvh9pvv,GC8vv?yvvwvv{|vv"vv%vv9<vv9Ctvv9Q!vv?|vvh
ESvvtvv9_vv9JGyvvTvv+"9Q*vv(G}Svv9Svv,yvvgvv9e2020,pvv,Ivv_@vvQ@vvqvvhCSvvgvv9QG}QR20pvv,GC8vv?
@tQ*=9

k(5).

(4)International Food Policy Research Institute (IFPRI), IFPRI IMPACT Projection (June 2001).

(5)GCZOQ!qT&.
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2vvvvvG}|#GyjPGF,p,Esz+~CpQ*t+9GyZJQGh*?
pvv,GyvvAvv(svvgvv9JGCTvvAvvtvv=vvz+?yvvzvvjvvPGA*vvtvvhEsvvz+~CpvvQ*vvtvv+vv9GyvvZvvJvvQGh*vv?pvv,hSvvbHvv}vv(fvv?

|vv#GCWvv9vvv{,Ivv+vvE*vvgvvAvv=vvQG svvz+~Gyvv(Ivv+vvO<vv+#G}svv9y+~Gyvvgvv9C+vv?GyvvPjSvv+vvROGOpvv+vv&fvvOO
G}_vvqvv9dGCZvv9<vv+#<vv"vvtvv[GyvvAvvjvvP*vv?,vvv}vv9$vv(GAvv9dpvv,G}svv9y+~G}LvvQiLvv;dGyvvgvvtvvO*vv#
Gyvtv9O|v_.hfv̂vv{,pv}vgvdv~G Rfv9Fv9J@vAv}vDv{pv,G Svtv9_v9JG}Sv9Sv+v?(Projection

Baseline)Gyvvvtvvv9Fvvv}vvv?fvvv̂G:pvvvAvvvQG\vvv9JG6LvvvPI<vvvAvvvqvvv9DdGyvvvAvvvJvvvTvvv#.h*vvvAvvv}vvvDvvv{CIvvvOGCqvvv9@vvv+K
G:pvvAvvQG\vv+vv?<vvzf

q
E!vvAvv9L|vvgvvdvv~GCJvv9Yvv+vv{Svv(a*vvROGO<vv}vvgvvO:JYvvJvv+vv?Lvv;dGyvvgvvtvvO*vv#

Gyvvvtvvv9O|vvv_.pvvv,GAvvvtvvv+vvvtvvv?yvvvtvvvORGOGCRGQfvvv(fG}pvvvQ*vvvtvvv+vvv(fE!vvvAvvv9Fvvv%vvv~,hIvvvAvvv)<vvv}vvvgvvvO:J
SvvQ*vvgvv?,Lvv;dGyvvgvvtvvOG}Lvv+vvQ|vv#GyvvtvvQfGC9\vv,.hsvvO@vv~qPyvvx<vvRQGfvv?CQGV

m
E\vv9pvv+vv?

hy+U<vR*v9OIGSvAvMvOG|v9JG}Sv}vOICh<vAvav=v+vuGyvgv}vz+9JGyvRQGfv+v?GyvZvJv+vJv?Ch<vAvJvTv_
CYvvv"vvv9aGCJvvv9Yvvv+vvv{(Cj<vvvR*vvv9OICpvvvtvvv+vvv?yvvv5!vvvAvvv9L).h<vvv9yvvv"vvvAvvv+vvvGvvv?<vvvtvvv+vvvB|vvvgvvvO:Jivvv;d
GCJvv9Yvv+vv{pvv,OhdCpvvQ*vvtvv+vv9GyvvZvvJvvQGh*vv?pvv,8vv9*vv?GyvvtvvQfGyvvgvvWvvQ*vv#,|vvTvv9h*vv?CgvvO:J
i;d@zxGCJ9Y+{GCRQhf?p,OhdF"(HBS+9p,GyTA+"+9J|#GytQfGCPv(Q.

h*vv}vvwvv#;vvtvv+vvuGyvvR*vv9OGJGCTvvAvvtvv=vvz+?fvv}vvz+9
k

|vv#@vvwvvDvv+vvrG !vvAvv9Lpvv,hIvvOIGCTvv9Ivv?
hpvv,G}QG\vv,GC(Fvv(OIIvv9y+9

k
.h|vv#GCgvvQhaCf

q
fvv}vvz+?@vvwvvDvv+vvrG !vvAvv9LGyvvRQGfvv,$vvPg

|vvvZvvvJvvv(<vvv?<vvv}vvvGvvv}vvv(fvvv?|vvv#GCtvvv9*vvv+vvvUhG FvvvQGAGJ,|vvvDvvv{Yvvv+vvv9!vvv?G}QVh>vvv9*vvvAvvv%vvv9|vvv#
GyvvAvvO$vv(Q,CjGCJvv9pvvdvv?fvv̂LvvZvv(<vvAvv%vv9h@vvgvv(*vv]vv%vv9|vv9*vvqvvtvvO|vv#LvvZvv(<vvAvv%vv9,E\vv9pvv?E]
@vv(pvv+vvQ<vv"vv+vv?;vvAvv+vv?Q*vvqvv+vv?Cpvv]vv{@vvTvv}vvK<vvR*vv9OIG !vvAvv9LhE*vvZvv9yvv&E]GCTvvAvv%vvzvvwvv_pvv,GCOf
Gyvvwvv=vv+vvQI.h*vvAvvavvzvv>vvv{PyvvxSvv+vv9Svv9JhG\vvJvv?hGSvvAvvDvv}vv9QGJvvv9pvv+vv?pvv,Hvv9dGCOLvv;J
GyRQGf+?v9}S}OIhGyQjhGyaQs9Jh@(GpQGC9AGy"d+rhGyAgz+~.

hyw#|9PGLOKy(@QOqJ$PgG@%(O?

yvvvQ<vvv}vvv9<vvvTvvv=vvv>G:\vvvavvvQGHGyvvvTvvv+vvv9Svvv,ChEIvvvwvvv9e|vvvQVG *vvvORfvvv̂G svvvz+~,Ch
<vTv=v>GyvtvZv(QGyv=vTv+vbpv,Sv+v9Sv9JG Yv;MG:svAvZv9OjChG:SvAvDv}v9QGJhSv+v9Sv9J
GyvAvMvav+vbyvwv{|v#GCTv9Iv9JGCRQhfv?hiv;yv%v9,Ch<vtvavh$vPgG FvQGAGJpv,|v"vAvZvr
GyvvvavvvQ*vvvuCh}Svvv=vvv9HGFvvvAvvv}vvv9fvvv+vvv?,vvvvzIvvvOGC|VvvvQGJG:FvvvAvvv}vvv9fvvv+vvv?(@vvv(svvvhIvvv+vvv9IG !vvv9K
hGyvv(Yvv(dE]GyvvAvvgvvz+~hGyvvZvvJvv?hivv+vvQ$vv9),@vvQOqJG@vv%vv(OGCPvvv(QI,pvv9yvv"vvAvv9FvvHpvv,cvv{
Svv+"9Q*vv(vvv%vvPGSvvAvvwvv(f@vvQGFvv+vvO*vv?.hIvv+vvEEf

q
GyvvRQGfvv?EvvDvv{FvvRAG

k
|vv%vv}vv9

k
|vv#GsvvAvvZvv9O*vv9J

G svvvz+~,pvvv;<vvvOCf*vvv"vvvMvvvqvvv̂OLvvv{GyvvvqvvvQOpvvv+vvv&fvvv(\vvv9
k

|vvv#G:Q@vvvqvvv9Yvvvv}vvv9$vvv(GAvvv9dpvvv,
ESt9_9JGyT+"9Q*(G}S9S,(Baseline Scenario).

Ef
q

svv9Fvv}vv?GCTvvAvv(QOGJGyvvZvv9pvv+vv?yvv%vvPGG svvz+~fvv9e2020SvvAvvtvvqvvR|vv#6,5<vvz+(f
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Oh:Qpv,GyvTv+"9Q*v(G}Sv9Sv,,E]11<vz+(fOh:Q,vv}v9SvAv"vMvqv̂JvZvZv9JGyvqvQO
|v#GAvQ*vQGJ<vvv11pv,GC8v?<v9Ctv9Q!v?|vh|vTvAv(iGyvTv+"9Q*v(G}Sv9Sv,yvgv9e2020,hCf

q

$vPgGyvZvO|v?SvAvTvtvbfv̂G}_vqv9d<v9yvOQFv?G}h]<vJv+vE*vQ@vqvhfvOOG}_vqv9dGCZv9<v+#
<vv"vvtvv[GyvvAvvjvvP*vv?E]49|vvz+(f_vvqvv{,Cj50pvv,GC8vv?R*vv9OIfvv#|vvTvvAvv(ifvv9e1997.

h|vvv9Kvvvgvvv{G}|vvvQCvvvvDvvvQSvvv(AG
k

GCTvvvAvvv(*vvv9JGyvvvgvvv9y+?CTvvvAvvv(QOGJGyvvvjvvvPGA<vvvTvvv=vvv>G}h\vvv9Y
GyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?pvv,OhdG svvz+~.hpvv,Ivv9yvv?fvvOe@vv(GpvvQGyvvgvv}vv;JG}Fvv"vv=vv+vv?yvvOi
OhdG svvvvz+~yvvvvOpvvvvhsvvvv+vvvv}vvvv?$vvvvPgGCTvvvvAvvvv(QOGJ,pvvvv;<vvvvOCf*vvvvZvvvv=vvvvKGyvvvvtvvvvZvvvv(Qpvvvv,GyvvvvjvvvvPGA
hI9:J!tZ&CvDQG@T9f9

k
,h<9yA9[IOhKGyw(GQKh@]9fq%9.

3vvvvv${;
o

OK
o

GyT+9S?p9Qs9
k

v=+QG
k
p,G}|#GyjPGF,Gyg9C,?

|vv#GCJvvAvv}vv{:vv}qvvhsvv9Fvv}vv?|vvgvvtvv(yvv?|vv#Gyvvgvv(G|vv{GyvvAvv,@vvtvvQQIvvGvv~GyvvjvvPGAGC}vvwvv#
@vv(pvv+vvQg_vvgvv9|vv9

k
yvvzvv=vvWvvQ*vv?,EPGCfvvavv,=vv+vvhG}pvvQGOChGyvvTvvwvv9fAvvdvv?yvvzvvAvvqvvwvv+vvQhGyvvAvvz|vv{,

pvv=vvgvv̂Gyvvtvv(iy+TvvBLvv9\vvgvv?vvvz+?CQGsvv=vv?G !vvTvv9fhG !vvTvv9!vv+?vvv9C"vv9N,pvv,Ivv_Mvv]vvh
<vvgvv]vv%vv9G6LvvQCQGsvv=vvAvv&yvvOQFvv?|vvgvv+"?fvv̂G}svv{.h@vvWvv}vv{$vvPgGyvvgvv(G|vv{G}LvvQiSvvQfvv?
!vv}vv(GyvvTvvwvv9f;|vvTvvAvv(iG:SvvAvvDvv}vv9QGJpvv,GyvvAvvtvv"vv+vv9JGyvvAvv,@vvTvv}vvK<vvR*vv9OIE!vvAvv9LGyvvjvvPGA;
hsOQIGCRGQf_f^G:SAq9OI|#GyaQbGCA(GpQIyR*9OIG !A9L.

hyvvwvv#vvv~@vvTvvAvvavv+vvhCf@vvqvvgvv{$vvPgGyvvgvv(G|vv{Gyvv=vvWvvQ*vv??h|vv9$vv(IvvGvv~Gyvvqvv9QbGyvvPj
*v}vwv"v%v9Cf;vOCv&?*v}vwv#Yv+v9iv?GyvTv|Gd<vZv(QICLvQiCj:vv~*v}vwv#CfMvAvzvrGyvgv9D
fvv9e2020fvv#h\vvgvv&GAvv9[!vvAvv+vvGvv?G@vv%vvOGC=vvPhdyvvAvvJvvTvv_Gyvv(\vvhGyvvjvvPGFvv,Gyvvgvv9C,?
pv,GC(\v(Y!vqvTv&*vavQMC*v]v9

k
GyvTv|GdGyvAv9[:vv~$v(IvGv~G:LvAv;afv#Gyvgv9DGyvPj

@vv(FvvO<vv&Ivvwvv(|vv9JhHvvAvv}vvgvv9J|vvO!vv+?hsvvavv9fvv9JLvv9Yvv?h$vv(<vvJvv9Fvv?|vv9Svv?E]=vv+vvh
F%(OGyOGf}_GyP*#vQqS(GG$A}9|9

k
IOhOG

k
CD{|(\(Yv%PG.

pvv,GBvv+vv9Q*vv#GyvvAvvqvv9D[hGyvvAvvWvv9D|vv,GCgvvQh\vv_pvv,GyvvqvvZvv{GyvvTvv9<vvuyvvgvvQVh_vvzvv>
GyvvjvvPGAGyvvgvv9C+vv_,GLvvAvv;pvv9JfvvO*vvOIyvvtvv9<vvz+?G}SvvQyvvAvvjvvP*vv?C_vvqvv9yvv%vv9,pvvqvv,cvv{GBvv+vv9Q
GCAvvqvv9Fvv{Svv+vvAvv"vv9svv[fvvOOG}_vvqvv9dGCZvv9<vv+#<vv"vvtvv[GyvvAvvjvvP*vv?pvv,Gyvvgvv9DGyvv"vv9|vv,|vv#166
|vvvvz+(f_vvvvqvvvv{fvvvv9e1997E]94|vvvvz+(f_vvvvqvvvv{fvvvv9e2020,CjCvvvvvDvvvvQG!vvvvMvvvvqvvvv9\vvvv9

k
|vvvv#

GyvvvTvvv+"9Q*vvv(G}Svvv9Svvv,(132|vvvz+(f_vvvqvvv{pvvv,GyvvvqvvvAvvvQIGCPvvvv(QI),hpvvv,GyvvvZvvv_hIvvvO$vvv9
Svv(a*vv"vvMvvqvv̂$vvPGGyvvgvvOO80pvv,GC8vv?Lvv;dGyvvgvvtvvO*vv#Gyvvtvv9O|vv_(6).C|qvv9OhdC|vvQ*vvwvv9

(6)Mark W. Rosegrant [et al.], «2020 Global Food Outlook: Trends, Alternatives, and

Choices,» (2020 Vision for Food, Agriculture, and the Environment Initiative, International Food

Policy Research Institute (IFPRI), Washington, DC, 2001).
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Gyvv;@vv+"vv+vv?pvvTvv(a@vvR*vv{fvv}vvz+9
k

Svv(W!vvtvv[GyvvAvvjvvP*vv?(Virtually Eliminate The Scourge),
pvv,Ivv_@vv=vvtvv)Ivv9:J!vvtvv[GyvvAvvjvvP*vv?|vvQ@vvqvvgvv?pvv,OhdGyvvZvvJvvQGAG}pvvQ*vvtvv+vv?hyvvwvv"vv%vv9Csvv{
OQG|v9@v+wv+v?.h*vgv(OGyvTv=v>GyvQFv+vUpv,$vPGGyvAvJvTv#E]Iv9yv?!vtv[GyvAvjvP*v?pv,G}_vqv9d
yvvvDvvv;Cvvv?fvvv(G|vvv{CSvvv9Svvv+vvv?hGSvvvgvvv?G:!vvvAvvvWvvv9Q$vvv,:!vvv}vvv(G !vvvAvvv9LGyvvvRQGfvvv,GyvvvTvvvQ*vvvhhGyvvv"vvv}vvv(
G:svvvAvvvZvvv9Oj,GBvvvqvvv̂pvvv,|vvvgvvvO:J!vvv}vvv(GyvvvTvvvwvvv9f,hR*vvv9OIG:SvvvAvvvDvvv}vvv9QGJpvvv,vvvv{|vvv#
GyvAvgvz+~hGyvZvJv?.hMv[vv{fv9|v{|v#$vPgGyvgv(G|v{GyvDv;Cv?CvzvEfv}vz+?;vTv#Iv9:J
!t[GyAjP*?GB9Y?<9}_q9d.

|v#Fv%v?CLvQi,*v(YvrGyvTv+"9Q*v(GCAvWv9Fv~<vz!v&<vav,Apv,!v}v(Gyvwv9QCv?vv(!v&|vgv(\v9
k

fv#GyvAv"v9sv[Gyv(G\vKAv9yv?!vtv[@vjvP*v?G}_vqv9dLv;dGyvTv"v(GJGyvgvWvQ*v#Gyvtv9O|v?.E:Cf
q

GCWvvvwvvvzvvv?@vvvZvvv=vvvKCvvvvDvvvQSvvv(AG
k

,h<vvvMvvv9Yvvv?pvvv,OhdGyvvvZvvvJvvvQGAG}pvvvQ*vvvtvvv+vvv?Ivvv+vvvE*vvvROGOfvvvOO
G}_vvqvv9dGCZvv9<vv+#<vv"vvtvv[GyvvAvvjvvP*vv?|vv#33|vvz+(f_vvqvv{E]49|vvz+(f_vvqvv{.fvv̂GCTvvAvv(i
GyvvOh[Svv+vvQ@vvqvvhGyvvgvvOOpvv,GyvvOhdGyvv"vv9|vv+vv?E]178|vvz+(f_vvqvv{|vvtvv9Q!vv?|vvh94|vvz+(f_vvqvv{
p,GyT+"9Q*(GCAq9F{,h$PG$(GyD}#G !T9Py~La9AG:sAZ9O*?hGyRQGf+?.

4vvvvv|T9G?GCRGQYp,EOGQIGC(GQOGCTAOG|?hG}|#GyjPGF,Gyg9C,

<v9yvQiv~|v#Cf
q

GyvDv(QIGyvAvtv"v+v?GBv]vQGAvv9!vB|vTv|hyv?fv#R*v9OIG !vAv9Fv+v?<vZv(Q$v9
GCMvvAvvzvvqvv?yvvOiGyvvwvvDvv+vvQ|vv#GCRGQfvv_GyvvZvvjvv9Qpvv,svv9QGJBSvv+vv9hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?h<vvgvv̂
G}svvavv9QG}pvvQ*vvtvv+vv?,E:CfGyvvgvvO*vvO|vv#$vv|:AGCRGQfvv_|vvQqJ6vv~$vvPgGyvvDvv(QI|vv#Ohf
EIvvvvOGKC*vvvv?R*vvvv9OGJpvvvv,E!vvvvAvvvv9Fvvvv+vvvv?|vvvvRGQfvvvv%vvvv~.hQivvvv=vvvv?pvvvv,EKvvvv9O_vvvvQb@vvvvTvvvv9fvvvvO$vvvv|:A
GCRGQfvv_,<vv9yvvQ<vvb|vvhGyvvtvvzvvuGyvv=vv+vv8vv,Gyvv"vv9@vvHChGCQ@vv=vvb<vv9COLvv;JGBvv9QFvv+vv?(External

Inputs)vv9}Sv}vOIhGC=v+vOGJGyvwv+v}v+v9Fv+v?h@v"v9sv[|v+v9gGyvQj,h$v,CSvU@vtv"v+v9JGyvDv(QI
GyvvRQGfvv+vv?GBvv]vvQGA,svvOCCvv9QJG:$vvAvv}vv9epvv,EKvv9OLvv+vv9QGJCh;vvtvv+vvuE!vvGvv9RGJ|vvwvv}vvzvv?
<v}v9pv+v%v9|v9*vTv}qv)<vMv+v9Q,ChGYvav;M,Gyv=v+v8v?GyvRQGfv+v?(Agro Ecological Approach).
h9vOa@vav=v+vu$vPGGBv+v9QChGCqv%v(eE]Lvqv̂vv}v+v?GCOLv;JGBv9QFv+v?GCTvAvMvO|v?|v#
svv=vv{GCRGQfvv_,hGyvvAvvgvv(*vv̂fvv#Pyvvx<vv9SvvAvvMvvOGeGyvvgvv}vv{GCRQfvv,hG}Svv}vvOIGyvvgvv]vv(*vv?,
E\vv9pvv?E];vvTvv_GCgvvQpvv?hG OGQIGCRQfvv+vv?.h@vvgvvAvv=vvQG OGQIGCRQfvv+vv?GCTvvAvvOG|vv?yvvzvv}vv(GQO
Gyvav=v+vgv+v?G@v+vOI|v#C$v~@vav=v+vtv9J$vPGGBv+v9QChGCqv%v(e.h@vROGOfv9OICGv+v?$vPgG OGQI
GCTvAvOG|v?yvzv}v(GQOGyvav=v+vgv+v?<v}vTv9Gv9JGCRGQfv_C!vqvTv%v~Gyvqvgqv9yv?pv,;vO*vOGCWv9vv{GyvAv,
@vv(GFvv%vv%vv~h@vvZvv}vv+vv~GAvvzvv(dGBvv9Yvv?6vv9,h@vv"vvqvv+vvP$vv~$vvPgGAvvzvv(dpvv,|vvRGQfvv%vv~hfvv̂
|vvTvvAvv(*vv9JHvvAvv}vvgvv97vv~GCJvvz+?,EP*vv}vvwvv#@vv"vv}vv+vv?|vvDvv{$vvPgGCTvv9Gvv9JGyvvAvvtvv"vv+vv?yvvzvv}vvRGQfvv_
<J+E@w(fpgq9y?FOG

k
p,EK9OCvDQGAz(d|;A|?CW9v{E!A9F%~.
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pvvv,Gyvvv(Gsvvvh,$vvv"vvv9cfvvvOOvvvv=vvv+vvvQ|vvv#Gyvvv=vvvQG|vvvHhGC=vvv9OQGJGyvvv"vvv9FvvvJvvv?_vvv=qvvvtvvvBGCqvvv9$vvv+vvv~
Gyv=v+v8v+v?GyvRQGfv+v?6vOaR*v9OIGyvjv;dh;vTv_Iv+v9ICh|vgv+vWv?GCRGQfv_hCSvQ$v~GyvQ*vqv+v?.
Ivv9y+9

k
$vv"vv9cCvvvDvvQ|vv#30Ohyvv?pvv,svv9QGJBSvv+vv9hC|vvQ*vvwvv9Gyvv;@vv+"vv+vv?CpvvQ*vvtvv+vv9@vvavv=vvuGCqvv%vv(e

GCPvvvv(Qh@vvvtvvv+vvv~G}*vvv9eGAvvvtvvvz+?G QVvvv9O*vvv?yvvvzvvv}vvvRGQfvvv_,CWvvv9$vvvOI!vvvAvvv9FvvvH@vvvavvv=vvv+vvvtvvv&hGyvvvtvvv(I
Gyw9|"?p+&yR*9OIG !A9F+?hGSAOG|A%9p,GCRGQYGyZj+QIGAG~.

C9yD9

k
:@w9y+rG}|#GyjPGF,Gyg9C,

|v9$v,GyvAvwv9y+rGyv;R|v? Kv9OGCTvAv(*v9JGCgvAvOyv?yv"v}v(G !vAv9LGyvRQGfv,h;vTv_
Ivvv+vvv9IG !vvvTvvv9fhECvvvQGFvvv%vvv9hpvvvtvvv9

k
yvvvzvvvTvvv+"9Q*vvv(G}Svvv9Svvv,?Ef

q
G:SvvvAvvvDvvv}vvv9QGJpvvv,Gyvvvtvvvavvv9fvvv9J

GBv}vTv?G}Sv9Sv+v?yvwv{Ohyv?(GyvQj,GyvavQbGyvQ*vqv+v?,Gyv=vJv(KGyvRQGfv+v?,GC9AGyv"vdv+vr,
hGyvvvvAvvvvgvvvvz+~)$vvvv,GCqvvvv9@vvvv+KG}Svvvv9Svvvv+vvvv?yvvvvzvvvvAvvvvwvvvv9y+r(579|vvvvz+9QOh:Q<vvvv+#fvvvv9|vvvv,1997
h2020),v}9$(|=_p,G@OhdQs~(15vvvvv1).

G@OhdQs~(15vvvvv1)
G:SAD}9QGJGCA(sg?yzT+"9Q*($9JG}S9S+?hGCAq9Fz?hGCAW9F}?

yzqAQI1997vvvvv2020

G sz+~GyT+"9Q*($9J(|z+(fOh:Q)!T=?G:SAD}9QGJGyT"(*?|#GCZQhp9J
GAw(|+?yg9e1997(p,GC8?)

G}S9S,GCAq9F{GCAW9F~G}S9S,GCAq9F{GCAW9F~

C|Q*w9Gy;@+"+?140,4179,1752,22,91,2

iQHBS+9/V}9dCpQ*t+980,5112,2522,83,91,8

GyZJQGAG}pQ*t+?106,9133,363,918,623,211,1

F"(HBS+9148,2198,470,311,114,95,3

Gy%"O110,5137,854,510,312,85,2

F"(HVQbBS+952,669,727,14,25,62,2

GyZ_41,483,526,81,52,01,0

GyOhdGy"9|+?578,9802,4322,72,64,92,0

|vv;Ivvdvv?:svvOQJGCGvv}vv(fvv?GyvvOhy+?G:SvvAvvWvv9Q*vv?yvvzvv=vvJvv(KGyvvRQGfvv+vv?|vvZvvQhpvv9JGyvv=vvJvv(KyvvzvvTvv+"9Q*vv($vv9J
GyvvvDvvv;Cvvv?yvvvzvvvqvvvAvvvQI1997vvvvv2020vvvv}vvv9*vvv\:GyvvvTvvv+"9Q*vvv(G}Svvv9Svvv,9,65<vvvz+(fOh:Q,GyvvvTvvv+"9Q*vvv(GCAvvvqvvv9Fvvv{10,37
<z+(fOh:Q,hGyT+"9Q*(GCAW9F~7,53<z+(fOh:Q.

GCZOQ:World Bank, Government Expenditures (Washington, DC: The Bank, 2000).
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$vvPgG:SvvAvvDvv}vv9QGJFvvwvv#@vv(pvv+vvQ$vv9<vvWvvwvv{Lvv9UEPG<vvtvv+vvB|vvZvv9Q*vvrGAvvwvv(|vv9J

G =v9y+?pv,GyvOhdGyv"v9|v+v?fv̂|vTvAv(*v9Jfv9e1997.h*v;Ive|v#G@vOhdGCPvv(QCf
q

G:SvvvvvAvvvvvDvvvvv}vvvvv9QGJGBvvvvv9Yvvvvv?<vvvvv9yvvvvvTvvvvv+"9Q*vvvvv(G}Svvvvv9Svvvvv,@vvvvvZvvvvv{E]3,6pvvvvv,GC8vvvvv?|vvvvv#Hvvvvv}vvvvv(Y
GCZQhp9JGAw(|+?p,G}sa9QGy"9|+?L;dGyqAQI1997vvvvv2020(7).

*vv(\vvKC*vv]vv9
k

G@vvOhdGCPvvv(QGyvvgvv>AG:svvAvvZvv9Ojyvv%vvPgG:SvvAvvDvv}vv9QGJ,Ivv+vvE
GyvvvAvvv=vvv9*vvv"vvv9JhG\vvvJvvv?<vvv+#G}svvv9y+~,pvvv{svvvz+}vvv9Fvvv"vvv(HBSvvv+vvv9hC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?Svvv+vvv(pvvvQGf
(Svvv+vvvJvvvZvvv;f)fvvv̂Cfvvv̂GCZvvv9Q*vvvrGyvvvwvvvz+?h<vvvwvvv}vvv+vvv?|vvv#Gyvvv"vvvtvvv(O@vvvgvvv9Od148<vvvz+(f
h140<vvz+(fOh:Qfvv̂GyvvAvv(G[@vvtvvQ*vv=vv9

k
.C|qvv9Esvvz+~C|vvQ*vvwvv9Gyvv;@vv+"vv+vv?pvvAvv}vvDvv{GSvvAvvDvv}vv9QG@vv&

GyvvTvv"vv(*vv?svvQG<vv?2pvv,GC8vv?|vv#|vvZvvQhpvv9JIvvwvv(|vv9@vv&GyvvTvv"vv(*vv?fvv9e1997,pvv,Ivv_
hYvvzvvB$vvPgGyvv"vvTvv=vv?pvv,Esvvz+~Fvv"vv(HBSvv+vv9E]11pvv,GC8vv?.|vv#Fvv%vv?CLvvQi@vv=vvzvvk
GCAvavzv=v9JG:SvAvDv}v9Q*v? svz+~GyvZvJvQGAG}pvQ*vtv+v?svQG<v?107<v;*v_Oh:Q<v+#fv9|v,

1997h2020.h$vvPGGC=vvzvvk*vv}vvDvv{18,6pvv,GC8vv?|vv#GCZvvQhpvv9JGyvvTvv"vv(*vv?GAvvwvv(|vv+vv?
yvvv%vvvPGG svvvz+~.C|qvvv9GyvvvZvvv_pvvvAvvvAvvvavvvzvvv>GSvvvAvvvDvvv}vvv9QGJHvvv}vvv(fvvv%vvv941<vvvz+(fOh:Q !vvvGvvv9R
h;vvtvv+vvuC$vvOGaGyvvTvv+"9Q*vv(G}Svv9Svv,(8).$vvPGhLvvZvv{svvavv9YGyvvQjfvv̂svvQG<vv?30pvv,
GC8vvv?|vvv#Hvvv}vvv(YG:SvvvAvvvDvvv}vvv9QGJGyvvvwvvvz+?yvvvzvvvtvvvavvv9fvvv9JGBvvv}vvvTvvv?,pvvv,Ivvv_LvvvAvvv{svvvavvv9fvvv9
Gyvv=vvJvv(KGyvvRQGfvv+vv?hGyvvavvQbGyvvQ*vvqvv+vv?svvQG<vv?21pvv,GC8vv?yvvwvv{|vv"vv%vv}vv9(G!vvdvvQG@vvOhdQsvv~
(15vvvvv2)).C|qvv9G@vvRAGBvv9U<vv9yvvAvvgvvz+~pvv,G:SvvAvvDvv}vv9QGJpvv%vv(G}Lvvqvv̂h*vvgvv9Od13

p,GC8?ptb.

C|qvvv9svvvavvv9YGyvvvavvvQbGyvvvQ*vvvqvvv+vvv?pvvv%vvv(|vvv%vvv~<vvvWvvvwvvv{Lvvv9Upvvv,vvvv{|vvv#Esvvvz+}vvv,CpvvvQ*vvvtvvv+vvv9
GyvvvZvvvJvvvQGh*vvv?hC|vvvQ*vvvwvvv9Gyvvv;@vvv+"vvv+vvv?,Ivvv+vvvELvvvAvvv;

q
f35pvvv,GC8vvv?h26pvvv,GC8vvv?|vvv#Hvvv}vvv{

G:SvvvAvvvDvvv}vvv9QGJpvvv,Gyvvvtvvvavvv9fvvv9JG:SvvvAvvvDvvv}vvv9Q*vvv?GBvvv}vvvTvvv?@vvvtvvvQ*vvv=vvv9
k

,hPyvvvx<vvvTvvv=vvv>vvvv(f$vvvPg
GyvvvavvvQbGyvvvQ*vvvqvvv+vvv?\vvvQhQ*vvv?h|vvvavvvzvvv(<vvv?yvvvOfvvv~vvvv{|vvv#!vvv}vvv(Gyvvvjvvv;dhGCTvvv9Ivvv9JGyvvvRQGfvvv+vvv?
GCAvvRG*vvOIpvv,$vvP*vv#G svvz+}vv_.C|qvv9GyvvAvvgvvz+~pvv,Esvvz+~ivvQHBSvv+vv9hVvv}vv9dCpvvQ*vvtvv+vv9(Cjpvv,
GC"vvavvtvv?GyvvgvvQ<vv+?h@vvQvvv+vv9hE*vvQGfhCpvvjvv9!vvTvvAvv9fhsvv=vvQU),pvv+vv}vvDvv{27pvv,GC8vv?|vv#Hvv}vv{
GCZv9Q*vrG:SvAvDv}v9Q*v?yv5svz+~pv,cv{GyvTv+"9Q*v(G}Sv9Sv,h$v,!vTv=v?|vQ@vqvgv?hvv=v+vQI,
h*g(OPyxE]Gy"}(GyTQ*hyzTw9fp,$PGG sz+~.

(7)GCZOQ!qT&.

(8)GCZOQ!qT&.
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G@OhdQs~(15vvvvv2)
IG~GSAD}9QGJG}|#GyjPGF,p,c{GyT+"9Q*(G}S9S,

1997vvvvv2020(<z+(fOh:Q)
G sz+~hGyOhy?GyQjGyaQb

GyQ*q+?
GyAgz+~GC9A

Gy"d+r
Gy=J(K

GyRQGf+?Gy(_"+?
H}(Y

G:SAD}9QGJ

C|Q*w9Gy;@+"+?44,836,712,19,837,0140,4

iQHBS+9/V}9dCpQ*t+917,97,321,58,525,380,5

GyZJQGAG}pQ*t+?28,137,915,717,38,0107

F"(HBS+961,327,414,527,018,0148,2

Gy%"O42,523,510,518,415,6110,5

F"(HVQbBS+918,63,96,89,414,152,8

GyZ_3,26,82,414,414,641,4

GyOhdGy"9|+?174,6120,375,986,5121,7579

GCZvvvvvvvvvvvvvvOQ:International Food Policy Research Institute (IFPRI), IFPRI IMPACT Projection (June

2001).

C|qv9|v9AGyvWvQHGyv"vdv+vrpv+v}vDv{15pv,GC8v?|v#Hv}v{GCZv9Q*vrG:SvAvDv}v9Q*v?fv=vQ
Gyvgv9DGyv"v9|v,.h@vQ@vqvh$vPgGyv"vTv=v?yvAvZv{E]35pv,GC8v?|v#GCZv9Q*vrG:SvAvDv}v9Q*v?pv,
GyvvZvv_<vv+#fvv9|vv,1997h2020.C|qvv9<vv9yvv"vvTvv=vv?E]|vvZvv9Q*vvrGyvv=vvJvv(KGyvvRQGfvv+vv?pvv,vvv{
|v#$vPgGyvOhdhpv,OhdEsvz+~ivQHBSv+v9hVv}v9dCpvQ*vtv+v9,pv%v,|vQ@vqvgv?<vWvwv{Lv9U
hEvvDvv{35pvv,GC8vv?h31pvv,GC8vv?fvv̂GyvvAvv(G[hPyvvx|vv#Hvv}vv{|vvZvvQhpvv97vv}vv9G:SvvAvvDvv}vv9Q*vv?
@vtvQ*v=v9

k
C|qv9$vPgGyv"vTv>pv,Esvz+}v,Fv"v(HBSv+v9hC|vQ*vwv9Gyv;@v+"v+v?pv%v,27pv,GC8v?h26

pvv,GC8vv?fvv̂GyvvAvv(G[(|vv#Hvv}vv{|vvZvvQhpvv97vv}vv9G:SvvAvvDvv}vv9Q*vv?)@vvtvvQ*vv=vv9
k

,pvv,Ivv_:@vvR*vvO
|vvZvvQhpvv9JGyvv=vvJvv(KGyvvRQGfvv+vv?Gyvvgvv9|vv?(GAvvwvv(|vv+vv?)pvv,Esvvz+~CpvvQ*vvtvv+vv9GyvvZvvJvvQGhjfvv#7
pvv,GC8vv?|vv#Hvv}vv{|vvZvvQhpvv9@vv&G:SvvAvvDvv}vv9Q*vv?Lvv;dGyvvqvvAvvQI1997vvvvv2020.hEvvDvv{$vvPg
G:SvvAvvDvv}vv9QGJ=vv+vvgvv9

k
Csvv{|vv#5pvv,GC8vv?|vv#|vvZvvQhpvv9JIvvwvv(|vv9JGyvvgvv9DGyvv"vv9|vv,Lvv;d

GyvvvqvvvAvvvQI1997vvvvv2020.h$vvvPG|vvvTvvvAvvv(i|vvvgvvvAvvvOd!vvvTvvv=vvv+vvv9
k
*vvv}vvvwvvv#$vvvPgGyvvvOhdCf@vvvAvvvgvvv%vvvO

@v"vqv+vPg,h<v9yvAv9[pvTv(a*vR*vOG}|v#GyvjvPGFv,yvzv}v;*v_|v#G}pvQGO<vWvwv{Cvv=vQ|v#fv}v{
GyT+"9Q*(G}S9S,Gyg9Oj(9).

(9)GCZOQ!qT&.
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QG<g9
k

:GCT9fOGJGyRQGf+?yzOhdGy"9|+?hG}|#GyjPGF,

@vvvgvvvAvvv=vvvQLvvv=vvvQGJvvvv(Q*vvv9G@vvv"vvv(<vvv+?|vvvDvvv9:
k

Fvvv+vvvOG
k
yvvvzvvvgvvv;svvv?<vvv+#GCTvvv9fvvvOGJGyvvvRQGfvvv+vvv?

hGCTvvAvv(QOGJGyvvRQGfvv+vv?,pvv}vv"vvPGBvv}vvTvv+"+vv9JhIvvAvv)fvv9e1980,LvvZvv{Gyvv=vvzvvOGCPvvv(Q
fvv̂|vvTvv9fvvOGJGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?<vv}vv9pvv+vv%vv9GCTvv9fvvOGJGyvvRQGfvv+vv?GC%vv}vv?.Ivv9y+9

k

:*vvvTvvvAvvvzvvv~$vvvPGGyvvv=vvvzvvvOC*vvv?|vvvTvvv9fvvvOGJ,E:C!vvv&*vvvgvvvAvvv=vvvQGyvvvOhyvvv?GBvvv9|vvvTvvv?Gyvvvwvvv=vvvQivvvvTvvv(b
C|vvQ*vvwvv+vv?yvvzvvZvv9OQGJGyvvRQGfvv+vv?.hpvv,GyvvTvv=vvgvv+"+vv9JGIvvAvvGvvB<vvgvv̂Hvv}vv(fvv9JGCRGQfvv_
G}|vQ*vwv+v?<vzfGCTv9fvOGJGyvRQGfv+v?FvgvzvBGyv=vQGR*v{|v"v9pvTv9

k
sv(*v9

k
pv,GyvTv(bGyvgv9C+v?,E:

CfGyvvv=vvvQGR*vvv{GSvvvAvvv(QOJfvvv9e1997<vvv}vvv9*vvvR*vvvOfvvv#500|vvvz+(fOh:Q|vvv#GC"vvvAvvvGvvv9J
GyvRQGfv+v?G}|vQ*vwv+v?.yvtvOLvqv]vBGyvAv"v}v+v?GyvRQGfv+v?!vTv=v?GyvqvtvQC*v]v9

k
,pvtvOsvO|vBGyvRQGfv?

pvv,CpvvtvvQGyvvOhdGyvv"vv9|vv+vv?GAvv+vv9IGyvvTvvgvv+vvOI!vvTvv=vv+vv9
k
yvvvv69pvv,GC8vv?|vv#Gyvvtvv(iGyvvgvv9|vvzvv?h76pvv,

GC8?|#Gy"T9AGyqg9:JGsAZ9O*9
k

h$,@g9Od<9CA(Sb!ZrGy"9@HG =9[GCJ\.

vvv}vv9*vv}vvwvv#GCTvv9fvvOGJCf@vv|OjOhQGCJvvQqVpvv,fvv}vvz+?Gyvv"vv}vv(GyvvRQGfvv,,hyvvwvv#
GAvvwvv(|vv9Jpvv,GyvvOhdGyvv"vv9|vv+vv?@vvAvvJvv}vv{GCTvv|hy+?G}h],EPKvv>fvvz+%vv9@vvwvv(*vv#hYvv+vv9!vv?
Gyv=v"v+v?GyvAvJvAv+v?GyvQ*vqv+v?h@vtvO*v~GyvAvTv%v+v;JG svQG\v+v?hGCOLv;JG !vAv9Fv+v?yvzv}vRGQfv_,
hG:SvAvDv}v9Qpv,Gyv=vJv(KGyvRQGfv+v?h@v(pv+vQGyvAvgvz+~G}Sv9Sv,hGyvAvjvP*v?hGyvQfv9*v?GyvZvJv+v?
G}Svv9Svv+vv?,E\vv9pvv?E]@vv(pvv+vvQGAvv(GpvvRGBvv9Yvv?<vvJvv}vv9*vv?GC(GQOGyvvavv=vv+vvgvv+vv?.yvvtvvOIvvDvvvBsvv}vv?
GyvvvvjvvvvPGAGyvvvvgvvvv9C,GC"vvvvgvvvvtvvvvOIfvvvv9e1996GC}vvvv(y+#hIvvvvwvvvv(|vvvv9JGyvvvvOhdGyvvvv"vvvv9|vvvv+vvvv?fvvvv̂R*vvvv9OI
GSAD}9QG7~p,E!A9LGyjPGA.

hyw#|9$(OhQGCT9fOGJGyjPGF+?p,Gygt(OGyt9O|??

Sv|Gd@vavQIv&GC"vdv}v9JGCTv|hyv?fv#Ivtv(bG !vTv9fGyvgv9C+v?fv̂GCTvAv(iGyvOh[
h@vv(Fvv%vv&h<vvMvv9Yvv?yvvzvvOhdGCAvvavv(QIGyvvjvv"vv+vv?.pvv,$vvPGGBvvZvv(U*vvtvv(dGyvvgvv9Qpvv(f<vvz|vv(Q
GCTvv9fvvOGJGyvvjvvPGFvv+vv?EPGGSvvAvv}vvQGyvvgvv9Dfvv9e2020<vv9yvvTvv}vv9JGBvv9Yvv?<vv9yvvqvv9Fvv̂GyvvjvvPGFvv,
!vvqvvTvv%vv9,hGSvvAvv}vvQG!vvMvvqvv9VCSvvgvv9QGAvv=vv(Hpvv%vv{*vv}vvwvv#GCTvv9fvvOGJGyvvjvvPGFvv+vv?Cf@vv|Oj
OhQG

k
|vvqvv+vvOG

k
?Ef

q
G@vv(GH:!vvgvv~,@vv|OjGCTvv9fvvOGJGyvvjvvPGFvv+vv?OhQG

k
|vvAvvRG*vvOG

k
h|vv%vv}vv9

k
Lvv;d

Gyv"vZvrG}hd|v#GyvtvQfGyv(GIvOhGyvgvWvQ*v#GAv9[,<v9yvQiv~|v#@v"v9sv[$vPgGCTv9fvOGJ
pvvv,GyvvvAvvvTvvvgvvv+"+vvv9J,pvvv9yvvvqvvv9Fvvv̂GyvvvjvvvPGFvvv,GC(Fvvv(Opvvv,<vvvgvvv̂G}svvv9y+~Gyvvvgvvv9C+vvv?hGyvvvtvvvZvvv(Q
GyvvvvjvvvvPGFvvvv,pvvvv,<vvvvgvvvv]vvvv%vvvv9G6LvvvvQ|vvvv#ivvvv+vvvvQGCJvvvvAvvvv}vvvv{@vvvvjvvvv+qvvvvQ$vvvv9G6f,IvvvvAvvvv)hyvvvv(Ivvvv9pvvvvdvvvvB
G:SvvAvvDvv}vv9QGJpvv,GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?fvv̂|vvTvvAvv(*vv97vv9(GCAvv"vv9svvZvv?)IvvAvv)fvv9e2020,EP
Svv+vv(GFvv&Esvvz+~GyvvZvvJvvQGAG}pvvQ*vvtvv+vv?hIvvOgfvvGvvRG

k
pvv,GAvv=vv(H*vvZvv{E]Ivv(G]50|vvz+(f

_vv#.h|vv#ivv+vvQGCJvvAvv}vv{IvvZvv(d$vvPGG svvz+~fvv̂vvv}vv+vv9Jvvv9pvv+vv?|vv#Gyvvgvv}vv;JGyvvZvvgvv=vv?
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yvvAvvjvvavv+vv?$vvPgGyvvqvvGvv(IGyvvjvvPGFvv+vv?fvv=vvQGCTvvAvv(QOGJGyvvAvvGvv9Q*vv?.Ef
q

GyvvtvvTvv~G}vvv=vvQ|vv#CpvvQ*vvtvv+vv9
hCFvvRGACLvvQi|vv#Gyvvgvv9DSvv(a@vvTvvAvv}vvQpvv,_vvzvv>GCTvv9fvvOGJGyvvjvvPGFvv+vv?,y+Uvvv}vvzvvGvv{
CLvvv+vvvQ,hyvvvwvvv#<vvvTvvv=vvv>vvvv(8vvv9fvvvO*vvv}vvv?Gyvvv"vvvdvvvQ:vvv9gGC(GQOGC"vvv9Svvv=vvv?Ctvvv9<vvvzvvv?G:IvvvAvvv+vvv9Fvvv9J
GB9Y?,h$,I9:JGya(GQ G !T9!+?hI9:JC|QGV!t[GyAjP*?.

Ef
q

@vwvQGQG}R|v9JG !vTv9!v+?hIvGv(|v%v9svO@vRG*vOJpv,GyvTv"v(GJG}Lv+vQI,pvzvtvO
@vv~IvvZvvQfvvOOG}pvvQGOGCAvvzCvvQ*vv#<vv9yvvwvv(GQKGyvvavv=vv+vvgvv+vv?hGyvv=vvWvvQ*vv?Lvv;dGyvvgvvtvv(OGyvvtvvz+zvv?
GC9\vv+vv?,EPGQ@vvqvvgvvB$vvPgG}fvvOGO|vv#44|vvz+(fpvvQOfvv9e1985E]175|vvz+(fpvvQO
fvv9e1993,h<vv9yvvAvv9[GQ@vvqvvhIvvGvv~GCTvv9fvvOGJGyvvjvvPGFvv+vv?yvvAvvMvvqvv+vvrfvv>A$vvPgGyvvwvv(GQK
|vv#Csvv{|vv#|vvz+(f_vv#fvv9e1979vvvv1980E]4,5|vvz+(f_vv#fvv9e1993vvvv1994
hvvvPyvvxGQ@vvqvvhG@vvRAGBvv9U<vv9}|vv~GCAvvJvvOI|vv#$vvPgGC(GQOGC(Rfvv?yvvgvv}vvz+9JGyvvavv(GQ 
hGyv;Fv8v_|v#25pv,GC8v?pv,fv9e1988,E]45pv,GC8v?pv,fv9e1992.hpv,Iv9yv?
@vvvRG*vvvOfvvvOOGyvvv;Fvvv8vvv_<vvvWvvvwvvv{Lvvvavvv,,vvvv}vvv9@vvvAvvv(svvvh<vvvgvvv̂GC"vvvdvvv}vvv9JG !vvvTvvv9!vvv+?(RyvvvRGd
Gyvvv=vvv9vvvvTvvvAvvv9ffvvv9e2005),pvvv{f

q
Gyvvvgvvv9DSvvv+vvv(GFvvv&fvvv9e2020svvvQG<vvv?250|vvvz+(f:Fvvvr

|t9Q!?<vv16|z+(f:Frf9e1994.

yvvtvvOh\vvJvv"vv9pvv,|vv9Svv=vvu<vvzf
q

fvvOOGyvvTvvwvv9fGCAvv(svvhEYvv9<vvAvv%vv~<vvJvv9:J!vvtvv[GyvvAvvjvvP*vv?
fvvv9e2020Svvv+vvvZvvv{E]|vvvz+9QpvvvQO@vvvtvvvQ*vvv=vvv9

k
(|vvv#OhfIvvvTvvv9HGyvvvgvvvOOGyvvvPjsvvvO*vvv"vvvAvvvHfvvv#

GCWvv9vvv{Gyvvwvv=vv+vvQIyvv"vvtvv[Gyvvgvv"vv9YvvQGyvvjvvPGFvv+vv?).vvvPyvvx*vvAvv(svvhGyvv=vv"vvxGyvvOh[GSvvAvv}vvQGQIvv9:J
GyvvqvvtvvQGCOsvvh}vvvDvvQ|vv#300|vvz+(fpvvQOpvv,Esvvz+~GyvvZvvJvvQGAG}pvvQ*vvtvv+vv?pvv,Gyvvgvv9eGCPvvv(Q.
pv,\v(APyvxCFvQJGC"vdv}v9JGyvtv9Fv}v?fv̂@vtvO*v~GCTv9fvOGJGyvjvPGFv+v?ESvtv9_v97v9GBv9Yv?
CgvvQpvv?GIvvAvv+vv9Fvv97vv9|vv#GCTvv9fvvOGJfvv9e2020,hPyvvxpvv,\vv(AG::vv9$vv9JGBvvavv+vv?yvvzvv"vv}vv(
GyvvTvvwvv9PhG !vvAvv9LhG:SvvAvv%vv;c,h<vv+q"vvB<vvz8vv9;vvAvv9LE]|vv9<vv+#60vvvvv80|vvz+(f_vv#|vv#
GC(GOGyvvjvvPGFvv+vv?,h<vvMvv9Yvv?GAvv=vv(H,Cj|vv#4vvvvv5C\vvgvv9aGyvvwvv}vv+vv9JGCgvvQh\vv?hGC(Rfvv?
p,GyATg+"+9J,h:@W}{$PgGyw}+9JGyR*9OIGyw9|"?A9:JGya(GQ .

Ef
q

Gyvvavvzvv>fvv̂GCTvv9fvvOGJGyvvjvvPGFvv+vv?yvv#*vvwvv(ffvv9e2020Csvv{Fvv9$vv(fvvz+&G6f.
C|qv9fvQVGCTv9fvOGJGyvjvPGFv+v?pv+vAv(svrfv}vz+9

k
fv̂!vtvavAv_CSv9Sv+vAv_Gv9:Ch:

k
,Gyvwv+vqv+v?

hGyvvvqvvvgvvv9y+?GyvvvAvvv,*vvv}vvvwvvv#6vvv}vvv9;vvvtvvv+vvvuC$vvvOGaGCTvvv9fvvvOGJGyvvvjvvvPGFvvv+vvv?hEOGQ7vvv9;hCvvv9!vvv+9
k

,
G}pv]vz+?GyvAv,*v]vgv%v9GC}v(yv(f!vZv>Cfv+"%v~yvzv}vWv9vv{GyvOhy+?GyvAv,@v(GFv&GCTv9fvOGJ
GyvvjvvPGFvv+vv?h<vv9yvvAvvJvvO*vvOIvv9:J!vvtvv[GyvvAvvjvvP*vv?hG}|vvQGVGyvv"vv9:vv?fvv"vv%vv9.hpvv,Ivv9yvv?@vvRG*vvO
|vvvTvvvAvvv(*vvv9JGCTvvv9fvvvOGJGyvvvjvvvPGFvvv+vvv?,pvvv{fGyvvvWvvvgvvv(HGC}vvv(yvvv?GyvvvQFvvv+vvvTvvv?pvvv,Gyvvvgvvv9DSvvv(a;vvvO
fvvv}vvvz+9

k
|vvv#IvvvGvvv~!vvvtvvv[GyvvvjvvvPGAGyvvvwvvv=vvv+vvvQSvvv(GApvvv,Chsvvv9JGyvvvTvvvzvvv~ChChsvvv9JG}R|vvv9J,

h$Pg$,G}p]z+?Gyg9Fz?.
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L9|T9

k
:G}I+9AGC9F+?hG}|#GyjPGF,Gyg9C,

*vvtvv(dGCDvv{GyvvZvv+",:zCfvvbpGCQASvv}vvwvv?@vvavvgvv}vv&*vv(|vv9
k

hfvvz
q
vv~GCQAYvv+vvOGyvvTvv}vvx

pvv+vvavvgvv~!vvqvvTvv&|vvOiGAvv+vv9Iy.pvv,fvvZvvQ!vv9GAvv9[D*vvgvvO$vvPGGCDvv{|vvavv=vvtvv9
k

,EP$vv"vv9cGyvvwvvDvv+vvQ
|v#Gyvgv9Fv;Jfv̂|vTvAv(iGyvgv9D,@vgvAv}vOpv,|vgv+vWvAv%v9fv̂Yv+vOG}Sv}v9chSvAv(GFv&$vPg
Gyvgv9Fv;JGyvqvtvQhfvOe@v(GpvQC|v"v%v9GyvjvPGFv,,<v"vTv=v?Gyvgvav9A!vqvTv%v9GyvAv,@v(pvQ$v9GCJv+vav9J
pv,Gyvgv9DC=vh.yvtvOsvOqQJsv+v}v?GCZv9OQGC9Fv+v?<v}v9pv+v%v9G}Sv}v9cGCZvav9OI|v#Iv+vav9J
hGCQ<vv9Ipvv,|vvRGQYGC+vv9gGC9Avv?hGAvvzvv(I<vvvv70<vvz+(fOh:Qfvv9e1991(10).EfYvv"vv9fvv?
GyvvTvv}vvx<vv}vvMvvAvvzvvr|vvQGIvvzvv%vv9,Cj<vvOAG

k
|vv#GSvvAvvMvvOGeGyvvtvv(GQHGBvvWvv=vv+vv?GyvvZvvjvv+vvQIpvv,

fvv}vvz+9JGyvvZvv+vvO,hG!vvAvv%vv9A<vv9SvvAvvMvvOGeVvv=vvwvv9JGyvvZvv+vvOGyvv]vvMvv}vv?Gyvvgvv}vv;svv?,hGSvvAvvMvvOGe
|vvZvv9!vvhG}Svv}vv9c@vv}vv+vvhGyvv(Svv9Fvv{GyvvAvvtvv"vv+vv?GCAvvavv(QI,@vvZvv9QYyvvAvvzvv=vv,Qivv=vv9JhVvv%vv+vv9J
GCGvvAvv}vvhGyvvOh[|vv#G}Svv}vv9c.hEvvDvvzvvBGyvv"vvAvv+vvGvv?<vv9:SvvAvvjvv;dGyvvwvv=vv+vvQCZvv9OQG}Svv}vv9c
Gyvvavv=vv+vvgvv+vv?,|vv9COiE]@vvO$vv(Qh\vvhhIvvGvv~G}Svv}vv9cpvv,GC(GsvvhGyvvTvv9Ivvz+?,hGyvvAvv,cvv#q

Gy=g^Cf
q

$PGGC(QO$=?|#Gyz&h$(i+QIOhOCj|TA}QhOGF~Gyga9A.

pvv,Gyvv(GsvvhhYvvzvvBYvv"vv9fvv?Yvv+vvOh@vvZvv"vv+vvhG}Svv}vv9c(GyvvjvvPGFvv+vv?)GCtvvQh!vv?<vv9yvv=vvJvvE
Gyvv(GSvvhfvv#GyvvTvv}vvxpvv,Gyvv=vvJvv9Q,IvvOq$vv9G}fvv̂fvv9e1990fvv̂IvvO

q
svv(dGCO*vvQGyvvgvv9e

yvvvzvvv}vvvQvvvvRGyvvvOh[ OGQIGCZvvv9OQGAvvv+vvv?yvvvzvvv}vvv+vvv9gpvvv,Gyvvvqvvv+vvvz+=vvv_(ICLARM)|vvv+vvvQ*vvv{hy+9|vvvR
(Meryl Williams):<vgvOGyvgvO*vO|v#Sv"v(GJR*v9OIG !vAv9L@vtvzv[GyvZv+vOGyvOGLv\(\v}v#

GyvvOhd)hGyvvZvv+vvOGyvv=vvJvvQj(|vv#Gyvv=vvJvv9QhGCJvv+vvavv9J)<vvOAG
k

|vv#fvv9e1989(fvv9eGyvvPQhI)
Iv+vEhYvzvBGyvwv}v+v?GCZvav9OI89|vz+(f_v#h|v9yv=vDvBCfG!vMvqv]vBfv9e1993E]
85|vz+(f_v#(11).h<vjv̂Gyv"vdvQfv#GyvtvqvRIGyv"v(fv+v?pv,R*v9OIGyvwv}v+v?GCZvav9OIfv9|v,

1994h1995(91|vvz+(f_vv#@vvtvvQ*vv=vv9
k
)pvv{f

q
=vv+vvhGC|VvvQGJhG}Oyvv?@vv=vv_<vvzfGyvvZvv+vvO

Gyvgv9C,yv#*vOQcG !vAv9LGyvRGFvOhGyvDv9<vBGyvPj|v+qvRGyvqvAvQI<v+#G}Q<vgv+"+v9JhGyvDv}v9!v+"v+v9J.
yvvtvvOsvvO

q
QCf

q
CvvzvvEGCMvvRhfGyvvTvv}vvwvv,GC(Fvv(Opvv,200|vv"vvavvtvv?pvv,=vv+vvhC!vvJvv9AGyvvgvv9Dyvv&

GyvvvtvvvOQIfvvv̂R*vvv9OIG !vvvAvvv9L,pvvv,Ivvv_Cf
q

Q<vvvh$vvvPGGCMvvvRhfsvvvO@vvv~q<vvv&Yvvv+vvvOFvvv9FvvvQh:
*vv}vvwvv#R*vv9OIE!vvAvv9Fvv&|vv9D@vvAvv(GpvvQpvv+vv&GAvv+vv(*vv?hGyvvZvvJvv?G@vv+vvOI,fvvzvv}vv9

k
Cf
q

38pvv,GC8vv?|vv#
GCMvvvRhfGyvvvTvvv}vvvwvvv,svvvOGSvvvAvvvjvvv{<vvvWvvvwvvv{vvvv9|vvv{,h:@vvvTvvvAvvvavvv+vvvh$vvvPgGyvvv"vvvTvvv=vvv?|vvv#G}Yvvv(d

(10)Ellen Wilson, «Overfished Oceans, Booming Fisheries: What Does This Mean for World

Food Security?,» in: Pinstrup-Andersen and Pandya-Lorch, eds., The Unfinished Agenda Perspectives on

Overcoming Hunger, Poverty, and Environmental Degradation.

(11)GCZOQ!qT&.
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G@v9!v=v,(Yv+vOGyvTv;:JGyv=vJvQ*v?GyvTv+v8v?hGyvZv+vOiv+vQGyv%v9Oa)hGyvAv(Svhpv,GCMvRh!v9J
;vvvBG:SvvvAvvvgvvv}vvv9dGyvvv=vvv9svvv+vvv?Cf@vvvgvvv(VGBvvvTvvv9FvvvQGyvvv"vvv9:vvv?fvvv#Svvv(AG OGQIh>vvv9*vvv?GC"vvv9_vvvu
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!vv]vv(HGCMvvRhfGyvvgvv9C,Gyvvavv=vv+vvgvv,yvv~Svv}vv9cSvv+vvwvv(fPG@vvzCvv+vvQSvvzvv=vv,,hy+U
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k
$vv"vv9c<vvz+(f

pvQO,CjCvvDvQ|v#?
o
vUSvwv9fGyvgv9D,*vgvAv}vOhffv̂GyvTv}vxvv}vZvOQ<vQh@v+"v,CSv9Sv,

yvv%vv~,vvv}vv9Ef
q

G}Svv}vv9c@vvgvvAvv=vvQ|vvZvvOQG
k

|vv%vv}vv9
k
yvvzvvOLvv{,h<vvMvv9Yvv?yvvzvvTvvwvv9fGCtvv+vv}vv_fvv̂

GyvvTvv(GIvv{Gyvv=vvJvvQ*vv?hLvvAvvQpvv(fGyvvZvv+vvOvvv}vv%vv"vv?yvv%vv~pvv,GyvvOhdGyvv"vv9|vv+vv?.yvvtvvOCYvv=vvK$vv|:A
G}pvvQGOpvv,LvvavvQIvvtvv+vvtvv,y+Upvvtvvbvvv(f|vv+vv9$vv%vv~CYvv=vvJvvBpvvtvv+vvQI<vv9}Svv}vv9c(<vvTvv=vv>
GyvZv+vOG@v9FvQ),hE!qv}v9C*v]v9

k
<vTv=v>|v"v9pvTv?GAv+v(G!v9JGyv=vJvQ*v?G}LvQivv=vQiv(KGyv=vJvQ

(GyvvtvvQ*vvOSChG@vv}vv=vvQj),hGsvvAvvQG6vv9|vv#@vvzvvxGCZvv9OQ|vv#Fvv%vv?,h@vvZvvO*vvQ$vv9E]GyvvOhd
Gyvv"vv9|vv+vv?|vv#Fvv%vv?CLvvQi.yvvtvvOCOJfvv}vvz+?QhGLG}Svv}vv9cE];vvO*vvOfvvOOGyvvgvv9|vvz+#pvv,
|vv%vv"vv?Yvv+vvOG}Svv}vv9c.h|vvhGyvv"vv}vv(GyvvTvvQ*vvhyvvTvvwvv9fGyvvgvv9D,pvv{!vv&,CjGyvvgvv9D,LvvAvv9LE]
GCR*O|#G !A9LGyT}w,yAg(*^Gy"t[p,GyjPGA,hp,OL{GyqtQGA|"&.

|v#Fv%v?CLvQi,@vWvwv{Gyvgvtv(OGyvtvz+zv?Gyvtv9O|v?|vQIvzv?;v(dhfvOe@vzvvOCTvAvtv=v{
|vvv"vvvAvvvGvvv,G}Svvv}vvv9ch|vvvTvvvAvvv%vvvzvvvwvvv+vvv%vvv9hGC|SvvvTvvv9JGCAvvvgvvv9|vvvzvvv?6vvv9hEOGQG7vvv9,pvvv9yvvvgvvv}vvvz+?vvvvzvvv%vvv9
|vgvQ\v?yvzvMvavQ,pvqv,fv9e1991GSvAvMvOe70<vz+(fOh:Qpv,GC(GQOGyv=vJvQ*v?CfvavB

17pvv,GC8vv?|vv#Gyvv=vvQh@vv+#GAvv+vv(GPGyvvwvv\GCTvvAvv%vvzvvxpvv,Gyvvgvv9D,h4pvv,GC8vv?|vv#E=vv9[
Gyvv=vvQh@vv+#GCTvvAvv%vvzvvx.<vvgvv=vv9QICLvvQi,$vv"vv9c50|vvz+(fpvvQO*vvgvv}vvzvv(fpvv,|vvWvv9Q*vvhYvv+vvO
Yvvjvv+vvQIyvv~Svv}vv9chpvv,@vvZvv"vv+vvgvv%vv9h@vvTvv(*vvtvv%vv9h<vvWvvwvv{CvvvDvvQfvv}vvtvv9

k
.*vv(pvvQE!vvAvv9LG}Svv}vv9c

fv9C+v9
k
svQG<v?150|vz+(fpvQYv?fv}v{@vtvQ*v=v9

k(13).$vPG,h@vAvavzv>fv}vz+?GyvAvJv(dGyv"v9FvJv?
G:!A=9gE]SB!t9WCS9S+?$,:

(12)|vv"vvdvv}vv?G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?(Gyvvqvv9h),EIvZv9AGJG}Sv}v9c(GyvZv+vOGyv=vJvQjhGyvOGLv\)(Qh|vv9:
Gyq9h,1993).

(13)Wilson, Ibid.
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1vvvvv@vvgvvdvv+vv~G:SvvAvvqvv9OI|vv#GC(GQOGyvv=vvJvvQ*vv?,pvvAvvJvvTvv+"9JGyvvwvvqvv9AIGCAvv}vvDvvzvv?<vvMvvqvv̂
!vvTvv=vv?GCqvvtvv(O|vv#G}Svv}vv9cGCZvvavv9OI,@vvQpvvhGyvvtvvOQIGyvvwvv9|vv"vv?yvvzvvgvv}vvz+?.vvv}vv9*vv}vvwvv#@vvO!vv+?,
$vPGGCqvtv(O<v9Cgv9@v?GAvTv"v?yvzv}v"vAvHh<vAv"v}v+v?C!v(GYGyvRQGfv9JGC9Fv+v?hSv;:7v9h<vMv9Yv?
GCgvvvOqI|vvv"vvv%vvv9yvvv~Svvv(GbCh:SvvvAvvv%vvv;cGC9FvvvOI.hKvvv>fvvv̂GC}vvv(y+#hGCTvvvAvvvDvvv}vvvQ*vvv#@vvvavvv(*vvvQ
GSvvAvvDvv}vv9QG7vv~pvv,Gyvvgvv}vvz+9JGyvvAvv,@vvAvv=vvhfvv}vvz+?GyvvZvv+vvO(vvv9yvvAvvZvv"vv+vvhhGyvvAvvTvv(*vvuhGyvvAvvZvvO*vvQ),
CvDQ|#@(c+rG}|(Gdp,f}z+9JGyZ+OPG79Cjp,Gy=(GLQhGCQGv>.

2vvvvv|v#GC%v~Cf!vAvPvvQC*v]v9
k

C!v&*v}vwv#GSvAvgv}v9dGyvRQGfv9JGC9Fv+v?vv}vZvOQivPGFv,
fvvv9[Gyvvv"vvv(fvvv+vvv?,Ch<vvvWvvvwvvv{ivvv+vvvQ|vvv=vvv9VvvvQyvvv;SvvvAvvvMvvvOG|vvv9JG:svvvAvvvZvvv9O*vvv?G}LvvvQi:vvvvjvvvPGA
yvvzvvJvv+vv(G!vv9JhyvvAvvTvv}vv+vvOGCJvv9Yvv+vv{hvvv{\vv9pvv9JE]GC(GOGyvvjvvPGFvv+vv?Chivv+vvQGyvvjvvPGFvv+vv?,Ch
vvvvzSvvvUyvvv5!vvvAvvv9LGyvvvZvvv"vvv9fvvv,hpvvv,GyvvvZvvv"vvv9fvvv9JGyvvvavvv=vvv+vvv?hGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?fvvv=vvvQG:SvvvAvvvMvvvOG|vvv9J
Gyvv=vv+vv(@vvwvv"vv(yvv(Fvv+vv?.hsvvO@vvwvv(fG:SvvAvvMvvOG|vv9Jivv+vvQGyvvjvvPGFvv+vv?CvvvDvvQChCsvv{svv+vv}vv?|vv#svv+vv}vv?
GyvvvTvvv}vvvxGC=vvv9YyvvvzvvvjvvvPGAGyvvv=vvvWvvvQj.h*vvv=vvvtvvv)GyvvvTvvv|GdGC%vvv~hGCJvvv+qvvvQ$vvv"vvv9pvvv,|vvv9EPGvvvv9!vvvB
G:SvvvAvvvgvvv}vvv9:JGCMvvvqvvv]vvv?G}Svvvgvvv9Q@vvvAvvv}vvvDvvv{<vvv9SvvvAvvvMvvvOGe$vvvPgGC(GQO|vvv=vvv9VvvvQIpvvv,GyvvvjvvvPGA
Gy=WQj,Cep,<g^GB+9QGJG}LQiPGJG}Sg9QGCQ@qg?!T=+9

k
?

3vvvvv@vvAvv}vvDvv{Gyvv"vvtvvavv?GyvvDvv9yvvDvv?<vv{OGQIGC(GQOGyvvTvv}vvwvv+vv?,h$vvPg!vvtvvavv?|vv%vv}vv?vvv(8vv9IvvAvv)
G6fD*vvvgvvvQa<vvvgvvvOvvvv+vvvr*vvv}vvvwvvv#;vvvTvvv+"%vvv9,pvvv}vvv#C$vvv~|vvvWvvv9vvvv{G OGQIGyvvvTvvv}vvvwvvv+vvv?vvvv(f
|vv(GQO$vv9|vvqvvAvv(Ivv?,Ivv+vvE*vvtvv(OPyvvxE]G:SvvAvvjvv;dG@vv9FvvQhGyvvwvvqvv9AIivv+vvQG:svvAvvZvv9O*vv?,
pvvqvv,|vvTvv9|vvxGyvvOhdGCAvvavv(QIFvvQJIvv9h:JyvvzvvJvvO|vv#GyvvZvv+vvOG@vv9FvvQsvv9OJE]Lvvqvv̂
fvOOGyvZv+v9O*v#hPyvx<vAv"vdv+v~QLv[GyvZv+vOhh\vhIvOOGJyvzv}vOLv;Jhyvzv}vMvQFv9J
v"d9eGAZ[.

4vvvvvh@vvAvv}vvDvv{Gyvv"vvtvvavv?GyvvQG<vvgvv?<vv9yvvAvvwvvDvv+vvr,CjEffvv}vvz+?GyvvAvv(Svvhpvv,@vvwvvDvv+vvrYvv+vvO
G}Sv}v9c*vtv(OE]E!vAv9Lfv9dmIvAv)IvO|vgv_.h<vgvOPyvx*v}vwv#R*v9OIG !vAv9Lpvtvbfv#
_vvQ*vvuLvvqvv̂fvv}vvz+?GyvvAvvwvvDvv+vvrpvv,GyvvAvv(Svvh,<vvJvv+vvE!vvTvv}vvK<vvAvvjvvavv+vv?Ch<vvAvvgvv(*vv̂$vvPg
GC(GQO.hyvv]vv=vvbh|vvQGsvv=vv?fvv}vvz+?GyvvAvvwvvDvv+vvrGyvvTvv}vvwvv,\vv}vv#GAvvOhO,LvvAvv9LGCO*vvQhfE]
GCgvvQpvv?Gyvvgvvzvv}vv+vv?G@vv+vvOI<vvJvv9yvv?GCMvvRhfGyvvTvv}vvwvv,h_vv9svv?GAvv}vv(yvv?yvvzvv=vv+vv8vv?hGBvvavvbG OGQ*vv?
GC;F}?.

5vvvvv@vAv}vDv{Gyv"vtvav?GBv9|vTv?<v9yvAvwv9|v{<v+#GCTv9|vxhGyvRQGfv9JGC9Fv+v?,Iv+vEfv}v{
$vvPGfGyvvtvvavv9fvv9f|vv"vvqvvQO*vv#yvvqvvAvvQI_vv(*vvzvv?,hsvvO@vv~q:vv9$vv{GyvvQ<vvb<vv+"vv%vv}vv9.h|vv#GC%vv~G6f
@PvQ\QhQI@w9|{GC(GQOGyT}w+?|hGy"d~Gy=+8+?Gy=JQ*?.

6vvvvvC|qvvvv9Gyvvvv"vvvvtvvvvavvvv?GyvvvvTvvvv9OSvvvv?pvvvvAvvvvAvvvv}vvvvDvvvv{<vvvv}vvvvWvvvvwvvvvzvvvv?GyvvvvAvvvv(GRf<vvvv+#GCZvvvv9yvvvvKGyvvvv(_vvvv"vvvv+vvvv?
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hG:$vvvAvvv}vvv9|vvv9JGyvvvgvvv9C+vvv?,pvvv9C(GQOGyvvv=vvvJvvvQ*vvv?@ovvv(FpvvvO
o

LvvvavvvQG
k

fvvv̂<vvvgvvv̂Gyvvvtvvv]vvv9*vvv9Gyvvv(_vvv"vvv+vvv?
vvvvv9yvvvvAvvvvGvvvv9QIhGC"vvvv9pvvvvTvvvv?<vvvv+#G}Svvvv(GbGCJvvvvz+?hGyvvvvgvvvv9C+vvvv?yvvvv~Svvvv}vvvv9chGyvvvvavvvvzvvvv=vvvv9Jfvvvvz+%vvvv9
hGSvvAvvDvv}vv9QG7vv9|vv#svv=vv{GyvvWvvQvvv9JG}Fvv"vv=vv+vv?hEOGQIG}Yvv(dGyvvTvv}vvwvv+vv?GCWvvAvvQvvv?.pvv}vvDvv;

k

:vv9QIG}Svv}vv9c@vvjvv+vvQpvv,!vvdvv~G:SvvAvv%vv;c,pvvgvv"vvOGQ@vvqvv9YCSvvgvv9QG}Svv}vv9c*vvAvv~GyvvAvvgvv9|vv{
hGCAvvv9FvvvQI<vvvtvvvTvvv~vvvv=vvv+vvvQ|vvv"vvv%vvv9,h*vvvTvvvAvvv%vvvzvvvxFvvvRAYvvvjvvv+vvvQ|vvv"vvv%vvv9|vvv#svvv=vvv{GC"vvvAvvvGvvv_.h|vvv#
GCJvAv}v{Cf@vgv9PGCWv9Q*vhGyvTv}vwv+v?GyvZvjv+vQI,;vB$vPgGyvdvQha,Sv(GA|v#Gyv"v9Iv+v?
GyvvjvvPGFvv+vv?Ch|vv#!vv9Ivv+vv?pvvQUGyvvgvv}vv{.hEPG|vv9GSvvAvv}vvQJCSvvgvv9QG}Svv}vv9cpvv,G:Q@vvqvv9Y
pvvTvv(a@vvAvvzCvvQGCGvvAvv}vvgvv9JGAvv]vvQ*vv?hGyvvQ*vvqvv+vv?PGJGyvvOLvv{GCJvvOhOhGCTvvAvv%vvzvvwvv?vvvDvv+vvQG

k

y~S}9c.

S9OS9
k

:OhQGy(:*9JGCAJOIG}|Q*w+?p,G}|#GyjPGF,Gyg9C,

pv,fv9e1997Cfvzv#SvwvQ@v+QhR*vQGyvRQGfv?G}|vQ*vwv,C|v9eGCWv9Qvv_pv,GCGvzvU
G:SvvAvvWvv9QjGyvv(_vv"vv,yvv~|vv#GyvvjvvPGFvv,pvv,hGVvv"vvavv#,<vvzfGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?
Sv(a@vTvAv}vQpv,sv+v9OIG@v%v(OGyvOhy+?yvAvtvz+[GyvqvtvQGyvgv9C,h;vtv+vuG}|v#GyvjvPGFv,pv,
vvv(vvv>G}QV.h@vv9<vvhGCAvvJvvOKGCPvvv(Qsvv(yvv&<vv(\vv(MEfGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?
:@vvTvvAvvavv+vvh;vvtvv+vvuG}$vvOGaGCPvvv(QI<vvTvv%vv(yvv?,<vvJvv+vvE@vvtvvPaGCTvv9fvvOGJGyvvjvvPGFvv+vv?Avv{
|vWv9vv{G@v(YGyvgv9C,.*vAv}vDv{G@vRAG}vv=vQ|v#GAv{<vAvWvGv+vhGyvOhdGyv"v9|v+v?,GyvAv,@vgv9P
CR|v9JGyvjvPGAhyvO9v9CR|v9JFv(Y,fv̂EFvQGAG Yv;Iv9JG:svAvZv9O*v?pv,CSv(Gsv%v9,
vv}v9Ef

q
G:svAvZv9OGJGyv(_v"v+v?Gyvtv(*v?hGyvAvJvTv+"9Jpv,Gyv=v"v)GyvAvJvAv+v?,Sv(a@vTv9fvO$vPg

GyvvOhdfvv=vvQGyvv(svvBhfvv=vvQERGyvv?CSvv=vv9HG@vv(YhfvvOe@vv(GpvvQGyvvjvvPGA(GyvvqvvtvvQ,fvvOe@vvTvv9hj
@(RYGyOL(d,fOeG:SAtQGQGyT+9S,)(14).

vvvPyvvx;vvOqKBLvvQhfpvv,GC|EvvQGCPvvv(Qhsvv9yvv(GEf
q

$vv"vv9cFvv(G!vv>CLvvQiCWvvwvvzvv?
G@vvv(YGyvvvgvvv9C,*vvvAvvv}vvvDvvv{CIvvvO$vvv9<vvv9yvvvAvvvQvvvv+vvvRfvvv̂Gyvvv=vvvJvvv(KGyvvvRQGfvvv+vvv?hGyvvvAvvvgvvvz+~.yvvvtvvvOQivvv=vvvB
Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?<vv9yvvAvvQvvv+vvRfvv̂$vvPgGyvv"vvtvvavv?CvvvDvvQ|vv#ivv+vvQ$vv9pvv,GAvvO*vvEfvv#
OhQ$vvv9pvvv,G}|vvv#GyvvvjvvvPGFvvv,Gyvvvgvvv9C,,h@vvvtvvv(dEf

q
!vvvWvvv9_vvv97vvv9Gyvvv=vvvJvvvDvvv+vvv?GyvvvRQGfvvv+vvv?hGyvvvAvvvgvvvz+~

(Gyvvvv=vvvvJvvvv(K,GyvvvvAvvvvgvvvvz+~hG:svvvvAvvvvZvvvv9O)(Research, Education and Economics (REE))$vvvv,
|v%v}v?hfv}v{hRGQIGyvRQGfv?G}|vQ*vwv+v?(USDA).h@vAv}vDv{hFv%v?!vdvQ$vPgGyvOhyv?,GyvAv,
@vvtvv(OGCGvvAvv}vvhGyvvOh[!vvJvv(Gyvvgvv(C?,<vvzf

q
Gyvv=vvJvv(KGyvvRQGfvv+vv?hfvv}vvz+?GyvvAvvgvvz+~SvvAvvtvv(|vv9f

(14)Catherine Woteki, The U.S. Role in Food Security (Washington, DC: United States

Department of Agriculture (USDA), 1998).

584



<vv9yvvOhQG}$vv~pvv,;vvtvv+vvuG}|vv#GyvvjvvPGFvv,Gyvvgvv9C,,hyvvPyvvx@vvQvvvRhRGQIGyvvRQGfvv?!vvWvv9_vv97vv9
f^Gy=JEGyRQGf,hGyAgz+~GCQ@=a_<9}|#GyjPGF,.

|v#GCgvQhaCfGyv(:*v9JGCAvJvOIG}|vQ*vwv+v?$v,GC"vAvHGyvQFv+vUyvzv}v"vAvGv9JGyvRQGfv+v?
pvvv,Gyvvvgvvv9D,h$vvv,GyvvvAvvv,Evvv(dfvvv}vvvz+9J;vvvTvvv_Gyvvv=vvvPhQh@vvv(QO$vvv9E]<vvvtvvv+vvv?CFvvvRGFvvv&.hCAvvv9<vvvgvvv?
;vvtvv+vvuGyvv%vvOaGCPvvv(QCsvv9|vvB$vvPgGyvvOhyvv?<vv"vv+vv?;vvAvv+vv?svv(*vv?yvvzvv=vvJvv(KGyvvRQGfvv+vv?hyvvzvvAvvgvvz+~
hyvvvv5QVvvvv9OGyvvvvRQGfvvvv,,fvvvv̂GCTvvvvAvvvv(iGyvvvvqvvvvOQG[hfvvvv̂|vvvvTvvvvAvvvv(iGyvvvv(:*vvvv9J,hvvvvvPyvvvvxfvvvv̂
|vvTvvAvv(iGyvvtvvavv9YGBvv9U,hvvv{|vv"vv%vv9*vvTvv9$vv~<vvavvQ*vvtvvAvv&pvv,@vvavv(*vvQGyvvRQGfvv?GCJvvz+?hGyvvgvv9C+vv?.
vvPyvx@vgvAv=vQ$vPgGyvOhyv?|vTv9Gv9

k
sv(*v9

k
pv,GCGv}v(fv?G:SvAvWv9Q*v?GyvOhy+?yvzv=vJv(KGyvRQGfv+v?

(CGIAR);hpvvv,|vvvQGvvvvRGyvvv=vvvJvvv(KGyvvvgvvv9C+vvv?GyvvvRQGfvvv+vvv?(IARCs);h@vvvOfvvv~Ivvv9y+9
k

Gyvvv=vvvQG|vvvH
GyvvAvvtvv"vv+vv?C"vvdvv}vv?GyvvAvv}vv(*vv{Gyvvgvv9C,yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?(IFAD),hvvvPyvvx|vv"vvdvv}vv?G}ivvP*vv?
hGyvvRQGfvv?GyvvOhy+?(FAO)GyvvAvv9<vvgvv?yvv~|vv~GCAvvJvvOI,E\vv9pvv?E]Ofvv}vv%vv9GC"vvdvv}vv9JG svvz+}vv+vv?
h|vQGvvRGyv=vJv(KGyvRQGfv+v?G:SvAv(GFv+v?hGyvAvgvz+~Gyvgv9[(CATIE)h|vgv%vOGyvAvgv9hfGyvRQGfv,
<vv+#G}|vvQ*vvwvv+vvAvv_(IICA).$vvPGh@vvtvv(eGC|SvvTvv9JGyvvAvvgvvz+}vv+vv?G}|vvQ*vvwvv+vv?<vvAvvOQ*vv>svvQG<vv?

10000f9Dh<9IEp,GCG9:JGyRQGf+?S"(*9
k

f#_Q*u@tO*~GC"K(15).

S9<g9

k
:G:yARG|9JGyOhy+?<Ma?f}{||EQGyjPGAGyg9C,yg9e1996

@vvAvvzCvvQG:!vvqvvgvv9:JGyvv=vvWvvQ*vv?OGFvv}vv9
k
<vv9}IvvOGKhGyvvAvvQGFvv+vvO*vv9JGyvvAvv,;vvOKyvvzvv}vvGvvAvv}vvh

G !vvvTvvv9Ph<vvvMvvv9Yvvv?EPGvvvv9!vvvB$vvvPgG}IvvvOGKhGyvvvAvvvQGFvvv+vvvO*vvv9J@vvvAvvvgvvvzvvvu<vvv9@vvv(YhGyvvvjvvvPGA,
pvvv}vvv|EvvvQGyvvvjvvvPGAGyvvvgvvv9C,GyvvvPjfvvvtvvvOpvvv,Qh|vvv9fvvv9e1996,VvvvO

q
Ofvvv̂\vvvQhQIhIvvv9Fvvv?

GAvvwvv(|vv9JGyvvAvvgvv9|vv{|vvh800vvvvv1000|vvz+(fpvvQO:*vvTvvAvvavv+vvgvv(fGAvvZvv(dfvv̂Gyvvavvgvv9e
yAz|_I+97~GCg+W+?.h@A}D{IOOGJGy(Y(dyzjPGA<w{|#:

vvvvvfOevq9*?OL(dG}SQyWQGAGyag9e,

vvvvv@P<P<9JfQVGyjPGAh_z=&,

vvvvvGyw(GQKGya=+g+?hGy=WQ*?GC9!g?<9yQi~|#GyR*9OGJGyw=+QIp,G !A9L.

hsOC\9aGC|EQGCPv(QE]G}S=9HGyD;C?GyT9<t?GyA9[:

vvvvvS+9S9JGyTw9fGCA=g?p,GyOhdGy"9|+?hGyT+9S9JG}LQi.

vvvvvGy"t[p,GyQCS}9d.

(15)GCZOQ!qT&.
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vvvvvGyAG9QIi+QGCAg9Oy?.

vvvvvGCOL;JGCJA}z?.

vvvvv<"+?Gy"t{GyAJA+?.

vvvvvE|w9!9J<R*#GyTzh.

vvvvvS%(y?;T_GCJ9Y+{hG}S}OI.

|vv#Fvv%vv?CLvvQi,GsvvAvvQMGC|EvvQGCPvvv(QG}fvv}vv9dGyvv]vvQhQ*vv?Gyvv(GFvv>EFvvQGD$vv9|vv#
svvv=vvv{Ivvvwvvv(|vvv9JGyvvvgvvv9Dh<vvvMvvv9Yvvv?Ivvvwvvv(|vvv9JGyvvvOhdGyvvv"vvv9|vvv+vvv?Bvvvqvvv̂Ivvv9:JfvvvOe@vvv(GpvvvQ
GyjPGA:

vvvvvR*vvv9OIE!vvvAvvv9LGyvvvjvvvPGA<vvv}vvv9pvvv+vvv%vvv9GAvvv=vvv(HGyvvvjvvvPGFvvv+vvv?\vvv}vvv#E_vvv9QG OGQIGCTvvvAvvvOG|vvv?
yz}(GQOGya=+g+?.

vvvvvE<vgv9O,ChfvRd,Gyv"vdv~iv+vQGCTvAvOG|v?yv;SvAv%v;chG !vAv9Lh<vMv9Yv?pv,GyvOhd
GyZ"9f+?.

vvvvvG:SAtQGQGC=wQyTw9fGyg9D.

vvvvv;vvv]vvv+vvvQGC"vvv9_vvvuGyvvvQ*vvvqvvv+vvv?yvvvR*vvv9OIG:SvvvAvvvtvvvQGQG:FvvvAvvv}vvv9fvvv,hGCTvvv9fvvvOIpvvv,EYvvv;M
|gOdGy%GQIGyQ*q,vvvvvGA]Qjp,GygO*O|#GyOhd.

yvvtvvOVvvO
q

OGC|EvvQGCPvvv(Qfvv̂Cf
q

|vvWvv9vvv{G@vv(YhfvvOe@vv(GpvvQGyvvjvvPGAyvv&C<vvgvv9Ofvv9C+vv?
Lvvavv+vvQI.h|vv#GCJvvAvv}vv{Cf*vvtvv(O@vvRG*vvO$vvPgGCWvvwvv;J(R*vv9OGJGyvvTvvwvv9fhGyvv]vvjvv(Wfvv̂
GC(GQOGyvvavv=vv+vvgvv+vv?<vvjvv̂Gyvv"vvdvvQfvv#R*vv9OGJG !vvAvv9LGyvvjvvPGFvv,GAvv9Yvvzvv?pvv,<vvgvv̂G}svv9y+~
Gyvvgvv9C+vv?),E]!vvWvv9_vv9JOhy+?ivv+vvQSvvz+}vv?|vv9D*vvtvvQQh*vvAvvMvvPh<vvWvvwvv{SvvQ*vvhEFvvQGAGJ
|g+"?f^GCTA(iGyOh[,h|#C$~$PgG FQGAGJ|9*\:

1vvvvvGyARG|9JGCGA}hGyOh[:9gG}|#GyjPGF,Gyg9C,
yvtvOCsvQqGC|EvQGCPvv(Q<vOfv~Sv=vgv?GyvAvRG|v9J@v|CvQ<vWvwv{pvgqv9dpv,G}|v#GyvjvPGFv,

Gyg9C,$,(16):

CvvvvvKvv>Cf!vv]vv}vv#h!vv|vvvO@vvZvv}vv+vv~Gyvv=vv+vv8vv9JGyvvTvv+vv9Svv+vv?hG:FvvAvv}vv9fvv+vv?hG:svvAvvZvv9O*vv?

(16)Henry L. Shands, World Food Security (Washington, DC: USDA-ARS, National Center for

Genetic Resources, 1998).
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Gyvvtvv9OQIfvv̂@vv(pvv+vvQGAvv9:JGCDvv̂yvvzvvtvv]vv9Afvv̂GyvvqvvtvvQhGyvvgvv}vv{|vv#CFvv{GyvvTvv;eGyvvOGFvv~
Gyvvtvv9Fvv~fvv̂GCTvv9Gvv?Gyvvwvv9|vvzvv?hGCAvvTvv9h*vv?yvvzvv}vvQCIhGyvvQFvv{Gyvvtvv9OQ*vv#|vvgvv9

k
fvv̂;vvtvv+vvuG}|vv#

GyjPGF,GyOGF~yzG}+h.

HvvvvvKv>GSvAvMvOGeGyvTv+v9Sv9JGyv%v9Opv?yvzvtv]v9Afv̂GyvqvtvQhfvOeGyvAvTv9hj,hfv̂
;vvvTvvv_G@vvv(G!vvv>GC9O*vvv?hG:svvvAvvvZvvv9O*vvv?yvvvzvvvGvvv}vvv+vvvh,hpvvv,vvvv{G}hsvvv9J,h@vvvz|vvv_GyvvvjvvvPGA
Gyw9p,,hGC"9S>hGyZJ,hGSAg}9:@&Gyqg9y?.

LvvvvvKvvv>Cf!vvv;Ivvvuh!vvvWvvv9Qcpvvv,Svvv+vvv9Svvv9JGyvvvAvvv"vvv}vvv+vvv?GyvvvQ*vvvqvvv+vvv?,GyvvvjvvvPGAGCTvvvAvvvOGe,
GyvvvvRQGfvvvv?,G}Svvvv}vvvv9c,Gyvvvvjvvvv9<vvvv9Jh@vvvvavvvv=vvvv+vvvvtvvvv97vvvv9pvvvv,GC"vvvv9_vvvvuGyvvvvgvvvv9y+?hGC"vvvvMvvvvqvvvv]vvvv?GyvvvvtvvvvOQI
G !vvAvv9Fvv+vv?,GyvvAvv,@vvgvvAvv=vvQ\vvQhQ*vv?hCSvv9Svv+vv?yvvAvv(pvv+vvQfvvQVGyvvjvvPGAGyvv(Gsvvgvv,hGC"vv9Svv>fvv̂
|vTvAv(*v9JGyvgv9Fvzv?hGyvtvavQhG svz+~hGyvgv9D,hvvPyvx|vtv9h|v?G6pv9JhG@vqv9ahGyvAvZvJvQ
BLP*#<g_G:fA=9QS}9JGy"W9_9JGCMAzq?yzRQGf?.

OvvvvvKvv>Cf!vvZvv9QYh!vvtvv9@vv{yvv]vv}vv9fGyvvjvvPGAhGyvvAvvGvv9QIGyvvRQGfvv+vv?,hsvv=vv{vvv{Vvv,A
GyvvTvv+vv9Svv9JGyvvAvvGvv9Q*vv?Gyvvgvv9|vvzvv?fvv̂@vv(pvv+vvQG}|vv#GyvvjvvPGFvv,yvvzvvGvv}vv+vvhfvv=vvQG}Svv(GbGyvvAvvGvv9Q*vv?
Gyg9C+?Gyg9Oy?.

$vvvvvvvvvvvKvv>Cf!vvTvvgvv)hCf!vvwvv(fFvv9$vvR*vv#E]|vv"vvhGyvvwvv(GQKGyvvavv=vv+vvgvv+vv?hGAvv9:J
Gyvvavv9QFvv?C(GFvv%vv?C*vv?_vvzvv=vv9JivvPGFvv+vv?_vv9QFvv?<vvavvQb@vvWvvGvvh;vvtvv+vvuGyvvAvv"vv}vv+vv?hEfvv9OIGyvvAvv(_vv_
hGSAQF9YG}h\9YhGytOQIChGya9s?f^@z|_GIA+9F9JGCTAt={.

hvvvvvKvv>Cf!vvgvvRRG:SvvAvvMvvOGeG}|vvDvv{yvv;SvvAvvDvv}vv9QGJGyvvgvv9|vv?hGBvv9Yvv?,h@vvavv(*vvQ
!vdv~GC(GQOGyv=vWvQ*v?hGyvjvPGAGCTvAvOGehGyvRQGfv?hG}Sv}v9chGyvjv9<v9JhGyvAv"v}v+v?GyvQ*vqv+v?pv,
GC"9_uPGJGytOQGJG !A9F+?GCQ@qg?hGC"Mq]?.

RvvvvvKvv>@vvavv=vv+vvuh|vvAvv9<vvgvv?Lvvavv?Gyvvgvv}vv{$vvPgfvv̂JvvAvvzvvrGCTvvAvv(*vv9J<vv9yvvAvvgvv9hf|vvh
GCGA}hGyOh[.

vvv}vv9CsvvQqGC|EvvQGCPvvv(Q|vv]vv}vv(fGC|EvvQGJhGCgvv9$vvOGJGyvvgvv9C+vv?GyvvAvv9y+?GC|CvvQIfvv̂
GCMQF9JGyjPGF+?,h<9yA9[f^Ch\9YG}|#GyjPGF,Gyg9C,:

vvvvvGC|EvvQGyvvgvv9C,yvvzvvTvvwvv9fhGyvvAvv"vv}vv+vv?GCgvvtvv(Opvv,Gyvvtvv9$vvQI,pvv,=vv%vv(Q*vv?|vvZvvQGyvvgvvQ<vv+?
f9e1994.

vvvvv||EQGCQCIGyg9C,GyPjftOp,<w_(Beijing)p,GyZ_f9e1995.

vvvvvGC|EQGyg9C,yzjPGAGyPjftOp,Qh|9p,E*a9y+9f9e1992.
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vvvvv||EQG}|~GCAJOIyz=+8?hGyA"}+?GyPjftOp,Q*(OjF9!+Qhf9e1992.

vvvvvGC|EvQGyvgv9eyv5Yv;MGyvRQGfv,hGyvAv"v}v+v?GyvQ*vqv+v?GyvPjfvtvOpv,Qh|v9pv,E*vav9y+9
f9e1979.

vvvvvGC|EQGyg9C,At(bG !T9fGyPjftOp,CC+"9p,Gy+(!9ff9e1993.

vvvvvG@q9s+?GSAMOGeGCt9*+UGyZJ+?hGy"=9@9JGya=+?.

vvvvvG@q9s+?G}|~GCAJOIyt9!(fGy=J9Qf9e1982.

vvvvvG@q9s+?G}|~GCAJOII(dJRhfG}S}9ch$GQ79.

vvvvvG@q9s+?GyAG9QIGyg9C+?.

vvvvvLa?:*=R*kGyg9C+?I(dGC(GQOGy(QGC+?GB9Y?<9yjPGAhGyRQGf?.

2vvvvvGyvvgvv(G|vv{G}LvvQiGC|CvvQIpvv,G}|vv#GyvvjvvPGFvv,Gyvvgvv9C,hpvvtvv9
k
yvv(Fvv%vv?!vvdvvQ

GC|EQGyg9C,yzjPGA
E\vv9pvv?E]G FvvQGAGJChG}fvv}vv9dGyvvTvv9<vvtvv?Gyvv(GFvv>Gyvvtvv+vv9e6vv9|vv#svv=vv{Ivvwvv(|vv9J

GyvvOhdGCMvvAvvzvvqvv?,Kvv>G:!vvAvv=vv9gE]Gyvvgvv(G|vv{G}LvvQiGC|CvvQIpvv,G}|vv#GyvvjvvPGFvv,Gyvvgvv9C,
GCA}Dz?<9yA9[(17):

CvvvvvGyvAvGv9QIhGyvAvTv(*vu,|vvh@vvWvv($vv97vv}vv9pvv,GyvvTvv(b,<vv}vv9pvv+vv%vv9GC=vv+vvgvv9JGBvv9QFvv+vv?
yvvzvvTvvzvvhGyvvjvvPGFvv+vv?}Fvv{Gyvvgvv}vv;JGyvvZvvgvv=vv?ChyvvzvvAvv"vv(YGyvvOGLvv\yvv;SvvAvvgvv}vv9:JGyvv;ivvPGFvv+vv?
v{!A9LGya9s?,@Z=Kf(G|{@|CQp,G}|#GyjPGF,Gyg9C,.

HvvvvvSv+v9Sv?G Svwv9f,GC(Fvv%vv?:SvvAvvtvvQGQ|vvgvvOdGyvv(:OGJhLvvqvv]vv&<vvTvvQfvv?fvv"vvO
EOLvv9dGCQCISvv(bGyvvgvv}vv{(Gyvvtvv(IGyvvgvv9|vvzvv?)pvv,GyvvOhdGyvv"vv9|vv+vv?,|vvh:vv"vv>GyvvqvvtvvQGyvvPj
*vvvQ<vvvxGyvvv(Yvvv(dE]GyvvvjvvvPGAh$vvv(*vvvgvvv9QV|vvv(GFvvv%vvv?GCAvvvavvvzvvv=vvv9JGyvvvOGLvvvz+?,h|vvv(GFvvv%vvv?
GCTvv9Gvv9JG@vv"vvTvv+vv?(GyvvQFvv{hGCQCI)yvvgvvQVGyvvjvvPGAGyvvgvv9C,,yvvPyvvx*vvavvzvv>GC|EvvQ|vvgvvQpvv?
GCTvv9Gvv?G}Svv9Svv+vv?Gyvv"vvTvv9Fvv+vv?pvv,G}|vv#GyvvjvvPGFvv,h<vvMvv9Yvv?pvv,GC"vv9_vvuGyvvQ*vvqvv+vv?pvv,GyvvOhd
Gy"9|+?,h<9yA9[EIOGKGyAT9hjhGyA(GRf<+#Gy"T9AhGyQF9d.

LvvvvGyvvTvv+vv9Svv?GCRQfvv+vv?,<vv9yvvQ<vvb|vvhfvv(G|vv{@vv(pvv+vvQGCRGQYGyvvgvv9Fvvz+?hYvv+vv9!vv?IvvGvv~
Gyvv(IvvOIG:svvAvvZvv9O*vv?G}O!vv)vvv(8vv9|vv%vv}vv?yvvZvvJvv?G:svvAvvZvv9OGyvv(_vv"vv,hG@vv9!vv>G:FvvAvv}vv9fvv,
<vv9yvvQ*vvrhCQGsvv=vv?Gyvv%vvGvvQIGyvvQ*vvqvv+vv?hGyvvAvvJvvwvv~6vv9.vvv}vv9Kvv>Cf@vvAvvwvv9|vv{$vvPgGyvvTvv+vv9Svv?|vvh

(17)GCZOQ!qT&.
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hFvv(OGCRGQYGyvvwvv=vv+vvQIGAvvGvv~h@vvtvv"vv+vv9JGCOLvv;JGyvvwvv=vv+vvQIhGyvvwvv+vv}vv+vv9Fvv+vv9JGyvvRQGfvv+vv?|vvh
GyA=9*#<9SA}QGQ*?GCRGQYGyZj+QI|hGCOL;JGC"Mq]?.

OvvvvvGyv=v"v+v?GyvAvJvAv+v?Gyv(_v"v+v?,vvv(Fvv(OYvv(G|vvhGAvv=vv(H,Ivv9:JGyvvavvQbhGyvvTvvwvvx
GAvvO*vvOh_vv9svv97vv9GyvvTvv"vv(*vv?vvv(8vv9IvvTvv9Svv?pvv,!vvtvv{GyvvTvvzvvh|vv#GCRGQY,IvvGvv~GyvvqvvtvvOCCvv"vv9A
!vvvvtvvvv{GCJvvvv9Yvvvv+vvvv{|vvvv#GCRGQY,GyvvvvOhdGCMvvvvqvvvv]vvvv?yvvvvavvvv9svvvv9JJvvvv9R8vvvv9Gyvvvv(_vvvv"vvvv+vvvv?}Svvvv=vvvv9H
GsvvAvvZvv9O*vv?,Ivv+vvE*vv|OjPyvvxE]GIvvAvv}vv9dLvvqvv̂JvvZvvZvv9JGyvvqvvQO|vv#GyvvTvvzvvhh<vv9yvvAvv9[
fvvOeE|vvwvv9!vv+?hYvv(yvv&E]Ivv9yvv?:vv"vv>GyvvqvvtvvQ,h|vvhGIvvAvv}vv9dR*vv9OISvvwvv9fGyvvgvv9D*vv}vvwvv#
IvvOhKpvvAvvQGJsvvZvv(Qpvv,G !vvAvv9Lfvv̂GCTvvAvv(*vv9JGyvv(_vv"vv+vv?hGyvvgvv9C+vv?@vvtvv(OE]G!vvMvvqvv9V
$PgGCMZZ9Jf^GCTA(iGyqQOjhf^|TA(iGy(_#.

$vvvvvvvvvvvvvGCTvvv9Fvvv{GyvvvTvvv+vvv9Svvv+vvv?,<vvvv}vvvv9pvvvv+vvvv%vvvv9|vvvvdvvvv9$vvvvQGyvvvvqvvvvTvvvv9OhGyvvvvQVvvvv)hGyvvvvAvvvv}vvvv(*vvvv{GC9[
hG}R|9JGyOGLz+?hGB9QF+?,I+E@]hGyOhdp,J9_QfOIyAz|_HA}g979.

hvvvvvGyvTv+v9Sv9JGyv=v+v8v+v?,GCAvgv9|vzv?|vh|v+v9gGyvZvQaGyvZvJv,hGyvAvzv(KhGSvAvgv}v9:J
G}QG\vvv,hYvvv+vvv9!vvv?GyvvvAvvvQHhGSvvvAvvvZvvv;MG}QG\vvv,,<vvvJvvv+vvvECYvvv=vvvJvvvB$vvvPgGyvvvTvvv+vvv9Svvv9J
IvTv9Sv?yvzvOhdGCMvavav?yvzv}vTvAvtv=v{,hPyvxvv"vAv+vGv?yv"vWv9_v9JGyvOhdG}LvQiGyvTvzv=v+v?.
vvvPyvvx@vvgvvAvv=vvQG}|vv(QGC"vv9Lvv+vv?pvv,G}svv9y+~!vvtvvb|vv%vv}vv?,pvv9yvvRQGfvv?GyvvwvvDvv+vvqvv?pvv,G}QG\vv,
GyvvvRQGfvvv+vvv?GC(Fvvv(OIKvvv>fvvvOeRQGfvvvAvvv%vvv9<vvv9SvvvAvvv}vvvQGQh@vvvQvvvv%vvv9yvvvqvvvAvvvQGJ@vvvTvvvAvvvgvvv+vvvO@vvv"vvv(fvvv%vvv9
GAvv+vv(j,h<vv9yvvAvv9[G:!vvqvvAvv9Mfvv̂G}QG\vv,Gyvv%vv9|vvWvv+vv?ChGAvvO*vv?G@vvO*vvOI.h<vvTvv=vv>Gyvv"vvtvv[

pvv,|vv+vv9gGyvvQj*vv}vvwvv#Cf*vv"vvMvvqvv̂G !vvAvv9LGyvvRQGfvv,pvv,<vvgvv̂GC"vv9_vvu,pvv}vvDvv;
k
*vv}vvwvv#

RQGfvvv?G}QR|vvv#Cvvv;K|vvvQGJE]|vvvQ@vvv+#pvvvtvvvbpvvv,G}QV!vvvqvvvTvvv%vvv9Svvv"vvv(*vvv9
k

,!vvvdvvvQG
k

E]
@vOGLv{Gyvgv;sv?<v+#!v(fv+v?Gyv=v+v8v?hG !vAv9LGyvRQGfv,,h<v9yvAv9[Kv>fv̂GyvRQGfv?GCTvAvtv=vz+?
Cf@zLPGy=+8?vzp]z+?Ch]p,QS~S+9S979.

RvvvvvKv>Cf@vWv}v{GyvTv+v9Sv?Gyvgvzv}v+v?=v+vhG@v(G!v>Gyv"v9FvJv?|vh@v(Q*vOGCJv9Yv+v{
GC"vvAvvGvv?Gyvvgvv9y+?Gyvvtvv+vv}vv?hGAvv+vv(G!vv9JE]|vvRGQfvv,GyvvOhyvv?,pvv}vvtvv9Q!vv?<vvgvv9e1975$vv"vv9c15
pvv,GC8vv?R*vv9OIpvv,JvvZvvZvv9JGyvvqvvQOGyvvjvvPGFvv+vv?,E:Cf

q
GC|VvvQGJ@vvtvv(d<vv{|vvwvv9!vv+?G!vv=vvTvv9W

|vv"vvJvv"vv)Gyvvjvvzvv?,h<vv9yvvAvv9[pvv%vv"vv9cIvv9Fvv?yvvzvvAvvtvv"vv+vv9JGCTvv9fvvOIG@vvO*vvOI.Ef
q

vvv;
k
|vv#Gyvv=vvJvv(K

G}Svv9Svv+vv?,GyvvAvv,@vvgvv}vv{fvv̂@vvavv(*vvQfvv}vvz+9JFvvO*vvOI,h<vvJvv(KG OGQIGyvv=vv+vv(yvv(Fvv+vv?,
h<vvJvv(KGyvvAvvOGLvv;JG@vv+"+vv?GCMvvAvvzvvqvv?PGJCGvv+vv?vvv=vv+vvQI.h<vv9yvvAvv9[pvvAvvwvv(*vv#svvavv9YLvv9U
svv(j|vvh@vv(pvv+vvQ!vvdvv9eyvvzvvJvv(GpvvRGC"vv9Svv=vv?*vvTvv9$vv~pvv,GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?hGyvvZvv"vv9fvv+vv?.vvv}vv9Ef

q

@vv(pvv+vvQ|vvDvv{$vvPgGAvv(GpvvRyvvzvv}vvRGQfvv_GCJvvz+_C*vv]vv9
k
yvv&G}Gvv+vv?!vvqvvTvv%vv9,Ivv+vvELvvqvvRPyvvx

fv}vz+?GyvAv"v}v+v?hGyv"v}v(.h|v#\v}v#$vPgGAv(GpvR|vDv;
k
<vgv̂CVvwv9d>v9*v?GCzvwv+v?GyvqvwvQ*v?

GB9Y?<9yta9YGyZ"9f,yAJq+Rgf^G:SAD}9Q.
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MvvvvvyvvvtvvvO@vvv]vvv}vvv"vvvB|vvv=vvv9IvvvDvvv9J|vvv"vvvdvvv}vvv?G}ivvvP*vvv?hGyvvvRQGfvvv?GyvvvOhy+?fvvv}vvv{vvvv{Vvvv,A
yvv]vv}vv9fG}|vv#GyvvjvvPGFvv,Gyvvgvv9C,h<vvMvv9Yvv?yvvAvvzvvxGyvvOhdGCJvvAvv9Fvv?E]GCTvv9fvvOI.Ef=vv+vvh
GyvOhd|vQ@v=vav?h|vTv|hyv?fv#GCJv9Yv+v{GyvjvPGFv+v?G}Sv9Sv+v?Gyv;R|v?CGvAv}vgv97v9,h<v9yvAv9[
Kvv>fvvz+%vv9Cf@vvAvvgvv9hf|vvh<vvgvv]vv%vv9hCf@vvWvv9Qcpvv,Ivv{|vvWvv9vvvzvv%vv9fvv=vvQ@vv(pvv+vvQGyvvAvvGvv%vv+vvRGJ
GC}vvvwvvv"vvv?yvvvzvvv(Yvvv(dE]G}Yvvv(dGyvvv(QGCvvv+vvv?Gyvvv;R|vvv? fvvvOGO@vvvZvvv(QGJIvvv(dE!vvvAvvv9LGyvvvjvvvPGA
fvv=vvQ$vv9.h$vv"vv9Kvv>fvv̂|vvQ<qvvv,Gyvv"vv=vv9JG:SvvAvv}vvQGQpvv,GAvvZvv(dfvv̂G |vvwvv9!vv9J Kvv9O
@t"+9JFO*OICQGs=?G@+"9JGyA,*g}z(ffz+%9hGyAJw~69.

CLv+vQG
k

,*v}vwv#Gyvtv(dE!v&|v#G}Gv+v?<v}vwv9fpv,|vavzvhG}yvqv+v?GyvDv9yvDv?,GyvAvQvv+vRfv̂
Gyvgvzv(ehGyvAvtv"v+v9JGCtvQh!v?<v9Czvwv+v?GyvqvwvQ*v?!vdvQG

k
E]@vzCv+vQ$v9Gyv(G\vKpv,G}|v#GyvjvPGFv,

Gyvvgvv9C,.Ef
q

GyvvAvvavv=vv+vvtvv9JGyvvqvvwvvQ*vv?Gyvv;R|vv?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?CSvv9Svv+vv?yvvAvvJvvTvv_pvvgvv9y+9J
<vvOG*vv9JGyvvRQGfvv?,pvvqvv,<vvOG*vv?GyvvRQGfvv?vvv9fGyvvQFvv9d$vv~GyvvZvv+vv9Ohfhvvv9!vvBGyvv"vvTvv9A$vv#
Gyvvvzvvv(GOKvvv}vvvgvvv#GyvvvavvvQGFvvvOh*vvvP$vvv=vvv#6vvv9E]GC"vvvRd,Cvvv~qE

q
vvvBRQGfvvv?Gyvvv=vvvPhQpvvv,G}|vvv9vvvv#

GyvvtvvQ*vv=vv?|vv#GC"vv9Rd,Cvv~q@vv~q@vv"vv(*vvhGyvvRQGfvv9J6vvOaGAvvZvv(dfvv̂fvvQVivvPGFvv,|vvAvv"vv(Y,
hIvvAvv)Gy+(e*vv=vvtvv)GLvvAvv+vv9QGCRGQfvv_G@vvOOyvv~Yvv"vv9apvv,|vv"vv9_vvufvvO*vvOI|vv#Gyvvgvv9Dpvv,
C*vOjGyv"vTv9AGyvzv(GO*v"vtvzv#G}Yv"v9a}<v"v9Fv%v#.yvtvOGLvAv9QGCRGQfv(fhhpvQhGGyv=vPhQ|v#
Gyv"v=v9@v9JGyvtv(*v?vv{Sv"v?yvRQGfvAv%v9pv,GyvTv"v(GJGyvtv9O|v?.$vPgGyvgv}vz+?pv,G:!vAvMv9Hvvzv}v9
C
o

IvvvTvvv#GSvvvAvvvMvvvOG|vvv%vvv9hpvvvuGBvvv=vvvQGJGyvvv=vvv+vvv8vvv+vvv?,:vvv"vvvv>GCRGQfvvv(f@vvvzCvvv+vvvQGyvvvAvvv=vvv9*vvv"vvv9JGC"vvv9Lvvv+vvv?
hGC(S}+?h<9yA9[*A}w"(f|#;t+uG !G9RGJ(18).

GyvTv|GdGyvPj*vavQIv&<vgv̂GC%vAv}v_<vWv|hfG}|v#GyvjvPGFv,Gyvgv9C,*vAv}vDv{<v9yvqvwvQI
GyvAv9y+?:$v{CLvPJ$vPgGyvAv(Yv+v9JGCAvMvPIpv,|v|EvQGyvjvPGAGyvgv9C,yvgv9e1996_vQ*vtv%v9
E]GyvvvAvvv"vvvqvvv+vvvPfvvv̂GCTvvvAvvv(iGyvvvgvvv9C,h|vvvTvvvAvvv(iGAvvvwvvv(|vvv9JGyvvv(_vvv"vvv+vvv??Ef

q
GCQGsvvv>CGvvvQ*vvv9J

G}|v(QGyvOhy+?,*vQiCf
q

fv9DG}yvqv+v?GyvDv9yvDv?*v=vOC<vAvav=v+vu|vqv%v(eGyvgv(C?,Cj@vav=v+vuSv+v9Sv?
Gyvvtvvavv>Gyvv(GIvvOfvv̂GCTvvAvv(iGyvvgvv9C,.h$vvPG*vvgvv"vv,@vvavv=vv+vvuhFvv%vv9JGyvv"vvdvvQG}|vvQ*vvwvv+vv?pvv,
GCGv9:JGyvTv+v9Sv+v?hGyvgvTvwvQ*v?hG:svAvZv9O*v?hG:FvAv}v9fv+v?hG fv;|v+v?,h<v9yvAv9[GyvRQGfv+v?
hGyvvjvvPGFvv+vv?C*vv]vv9

k
,pvv9@vv}vv+vvh*vvgvvQaCf|vv"vvdvv}vvAvv,GyvvAvv}vv(*vv{Gyvvgvv9C+vvAvv_(Yvv"vvOhbGyvv"vvtvvOGyvvOh[

hGyvv=vv"vvxGyvvOh[|vv"vvPE!vvWvv9Fvv%vv}vv9fvvtvv>GAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?),hvvvPyvvx|vv"vvdvv}vv?GyvvAvvGvv9QI
Gyvvvgvvv9C+vvv?(GyvvvAvvv,C!vvvWvvv8vvvBfvvv9e1994),E\vvv9pvvv?E]CfGC"vvvdvvv}vvv9JGyvvvOhy+?vvvv}vvvGvvvzvvvUG}|vvv#
GyvOh[hG}|v~GCAvJvOIhGC"vdv}v9JGyvAv9<vgv?yv%v9,@vgv}v{hpvuhFv%v9J!vdvQGyv(:*v9JGCAvJvOI
G}|Q*w+?.ytOfQ\BG F9<?f#GyT|GdGCaQhMS9<t9

k
p,GyqZ{Gyg9VQ.

(18)Dennis Avery, «The Environmental Necessity for Higher-yield Agriculture,» Simulation,

vol. 66, no. 6 (1996).
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C9|"9
k

:G}|#GyjPGF,GygQN
h\
q
vvJvv"vv9pvv,GyvvqvvZvv{GyvvDvv9yvvEfvvWvvQGyvv(GsvvhGAvv9[hGCTvvAvvtvv=vv\yvvzvvRQGfvv?GyvvgvvQ<vv+?Ivv+vvE

@vv(RfvvBGCTvv9Ivv?GCRQhfvv?(GCQh*vv?hGCavvQ*vv?)Cj51,12|vvz+(f$vvwvvAvv9Q,fvv̂Hvv}vv(fvv9J

GyvvvTvvvzvvvhGCJvvvZvvv(y+?GyvvvQFvvv+vvvTvvv?pvvv,<vvvOG*vvv?GyvvvtvvvQfGyvvvgvvvWvvvQ*vvv#(fvvv9e2003)vvvv}vvv9*vvv\:GyvvvTvvvzvvvh
GyvvjvvPGFvv+vv?GyvvQFvv+vvTvv?(Ivv=vv(Hh<vvtvv(y+9JhOQ!vv+9J)75pvv,GC8vv?,GyvvTvvzvvhGyvvjvvPGFvv+vv?G}LvvQi
(L]9Qhp(Gv&hCf;ayz}"AG9JGA+(G!+?hI9Y+{SwQ*?hR*A+?)25p,GC8?.

h:Ivdv"v9C*v]v9
k

Cf
q

IvGv~GyvqvGv(IGyvjvPGFv+v?*vAvRG*vO<v9SvAv}vQGQ,EPGQ@vqvgvBsv+v}v?GyvqvGv(I
GyvvjvvPGFvv+vv?|vv#2411|vvz+(fOh:Qvvv}vvAvv(SvvbyvvzvvqvvAvvQI1970vvvv1972,E]15044|vvz+(f
Oh:Qf9e2003,CjI(G]7,5|QIv}9$(|(\Kp,G@OhdQs~(15vvvvv3).

G@OhdQs~(15vvvvv3)
@a(QGyqG(IGyjPGF+?s+}+9

k
h!T>G:vAq9AGyPGOGyjPGF,

L;dGyqAQI1970vvvvv2003p,Gy(_#GygQN
GCGvvvvvvvvv}vvvvvvvvv(fvvvvvvvvv9J
GyTzg+?

1970/19721985/198719912003

GyqG(I

GyjPGF+?

(|z+(fOh:Q)

G:vAq9A

GyPGO

(p,GC8?)

GyqG(I

GyjPGF+?

(|z+(fOh:Q)

G:vAq9A

GyPGO

(p,GC8?)

GyqG(I

GyjPGF+?

(|z+(fOh:Q)

G:vAq9A

GyPGO

(p,GC8?)

GyqG(I

GyjPGF+?

(|z+(fOh:Q)

G:vAq9A

GyPGO

(p,GC8?)

GA=(H183178508148440757775645

GyTwQ5314279233137134126834

GB]QhGyq9v%?+60811637098229785995vvvvv100

Gy=t(dhGyOQ!+9J+802116259902528740256vvvvv97

GyvR*v(JhGyvWvJv(e

Gy"=9@+?

27667141140107043138539

GyzJ(e14496282275108883143886

Gy=+^548315890639540

GAz+>h|"AG9@&30484172652116066212368

G}S}9c+39111+160113vvvvvvvvvvvvvvv107

GCG}(Y2411124591041315044

GCZvvOQGf:GC"vvdvv}vv?GyvvgvvQ<vv+?yvvzvvAvv"vv}vv+vv?GyvvRQGfvv+vv?,@vvtvvQ*vvQCh\vv9YG}|vv#GyvvjvvPGFvv,GyvvgvvQNyvvgvv9e2003(GBvvQ_vv(e:
GC"vdv}v?,2003),h>vOjfv=vOgGyvZv(GAv,,zBCv9QG@vqv9sv+v?G@v9Jfv̂Gyv(GQOGJGyvjvPGFv+v?GyvgvQ<v+?,yGC%v"vOSGyvRQGfv,
GygQN(G;9OGC%"OS_GyRQGf+_GygQH),GygOO40(1995).
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$vvPG,h@vvWvvwvv{Hvv}vv(fvv?SvvzvvhGAvv=vv(HGyvvDvvtvv{Gyvv(RPG}vvv=vvQyvvTvvzvv?GyvvjvvPGApvv,Gyvv(_vv#
GyvvvgvvvQN,Ivvv+vvvEEvvvDvvv{40pvvv,GC8vvv?|vvv#Hvvv}vvv(YGyvvvTvvvzvvvhGyvvvjvvvPGFvvv+vvv?Gyvvvwvvvz+?.h*vvv}vvvDvvv{GCAvvv9M
yvv;SvvAvv%vv;c|vv#GAvv=vv(H(G !vvAvv9L+GCTvvAvv(QOGJGyvvZvv9OQGJ)svvQG<vv?100|vvz+(f_vv#
|v"v%v950pv,GC8v?yvzvtv}vK.C|qv9|vAv(Svb!vZv+v>GyvqvQOGyvgvQN|v#GAv=v(Hfv9e2003pv=vzvk

329vvvkh$vv(Cfvv̂|vv#GCTvvAvv(iGyvvgvv9C,Gyvv=vv9yvvk310vvvkvvv}vv9$vv(|vv(\vvKpvv,G@vvOhd
Qs~(15vvvvv4)(19).

G@OhdQs~(15vvvvv4)
GCA9My;SA%;c|#GyTzhGyjPGF+?GyQF+T?
p,Gy(_#GygQNf9e2003(1000_#)

H}(f9JGyTzhG !A9LGyZ9OQGJGCTA(QOGJGC+RGfGCA9M
y;SA%;c

vkyzqQO
<9yT"?

GA=(H4544722295693154701100149329

Gyt}K222211321373803625850644129

GyTwQ29698857815695866428

GB]Q427231890200211242835

Gyq9v%?27759181831701351

Gy=t(d1356711140106924268

GyOQ!+9J79314106742638194

GyR*(JGy"=9@+?174951032042693444215

GyzJ(eGA}QGA408019432414449415

GyzJ(eGy=+]9A311622738714383016

Gy=+^1140283

GAz+>h|"AG9@&21578663107941013131709104

G}S}9c3402677471vvvvv206319611

GCZOQ:GC"d}?GygQ<+?yzA"}+?GyRQGf+?,GCZOQ!qT&.

(19)GC"vvvdvvv}vvv?GyvvvgvvvQ<vvv+?yvvvzvvvAvvv"vvv}vvv+vvv?GyvvvRQGfvvv+vvv?,GyvvwvvAvv9HGyvvTvv"vv(jyvv5IvvZvv9AGJGyvvRQGfvv+vv?GyvvgvvQ<vv+?:GCGvvzvvO23

(GBQ_(e:GC"d}?,2003).
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Gyvvvgvvv}vvv(OG}Lvvv+vvvQ|vvv#G@vvvOhdQsvvv~(15vvvvv4)*vvv=vvv_JvvvZvvvZvvv9JGyvvvqvvvQOpvvv,Gyvvv(_vvv#
GyvgvQN|v#GyvTvzvhGyvjvPGFv+v?GCAv(GpvQI,Iv+vE@vQ@vqvh$vPgGCMvZvZv9JyvAvZv{E]329vvk

|v#GAv=v(H|v"v%v9129vvksv}vJv9
k

hOsv+vtv9
k

,h@v"vMvqv̂FvOG
k
pv,GC"vAvGv9JGAv+v(G!v+?yvAvZv{

E]3vvvkpvv,Gyvv=vv+vv̂,h16vvvkpvv,GyvvzvvJvv(eGyvv=vv+vv]vv9A,h15vvvkpvv,GyvvzvvJvv(eGAvv}vvQGA
h11vvvvkpvvv,G}Svvv}vvv9c,h28vvvvkpvvv,GyvvvTvvvwvvvQ.fvvv̂|vvvTvvvAvvv(iGyvvvOhdGyvvvgvvvQ<vvv+?|vvv"vvvqvvvQOI,
@vvAvv=vv9*vv#FvvOG

k
GC(GR*vv#GyvvTvvzvvgvv+vv?GCMvvAvvzvvqvv?Svv(GApvv,!vvTvv>G:vvvAvvqvv9AGyvvPGOGyvvjvvPGFvv,Cepvv,

GyvvqvvGvv(GJGyvvjvvPGFvv+vv?yvvzvvTvvzvvhhsvv+vv}vv%vv9,Cepvv,IvvGvv~GCTvvAvv(QOGJhGyvvZvv9OQGJ.hpvv,$vvPG
GCGvvvv9d*vvvv}vvvvwvvvv#@vvvvZvvvv"vvvv+vvvvrGyvvvvOhdGyvvvvgvvvvQ<vvvv+?,|vvvv#Ivvvv+vvvvE|vvvvOi;vvvvtvvvv+vvvvuG}|vvvv#GyvvvvjvvvvPGFvvvv,
CGA}g979,<JT>hF%?!dQ!9,E]GCG}(f9JGyA9y+?:

1vvvvvOhdIvtvtv?}|v"v%v9GyvjvPGFv,|v#E!vAv9Fv%v9GAv9[<vWvwv{Vv=v&vv9|v{vv}v9$v(GAv9d
<9y"T=?E]S(Q*9hGyT(OGf(<9SAD"9AGyTwQhGyR*(JGy"=9@+?hG}S}9c).

2vvvvvOhdIvvtvvtvv?}|vv"vv%vv9GyvvjvvPGFvv,|vv#E!vvAvv9Fvv%vv9GCJvv\<vv"vvTvv>@vvAvvQGhM<vv+#60vvvvv90

p,GC8?|D{:|ZQhGCjQHhGy+}#hGyTg(O*?h@(!U.

3vvvvvOhdIvvtvvtvv?}|vv"vv%vv9GyvvjvvPGFvv,fvv#_vvQ*vvuGCTvvAvv(QOGJ<vvWvvwvv{Vvv=vv&vvv9|vv{vvv}vv9$vv(
GAvv9dpvv,OhdGBvvz+HGyvvgvvQN(<vv9SvvAvvDvv"vv9AGyvvTvvgvv(O*vv?)hG}QOfhy+=vv+vv9h<vvtvv+vv?GyvvOhdGyvvgvvQ<vv+?
G}LQi.

G@vvOhdQsvv~(15vvvvv5)*vvgvvavv,Yvv(QIhG\vvJvv?fvv#!vvTvv>G:vvvAvvqvv9AGyvvPGOGyvvjvvPGFvv,
pv,GyvOhdGyvgvQ<v+?CGv}v(fv9JGyvTvzvhGyvjvPGFv+v?yvgv9e2003.h|v"v&!v;IveCf

q
=v+vhGyvOhd

GyvgvQ<v+?|vTvAv(QOIyvzvJv=v(HhGyv=vtv(y+9Jvv}v9OIivPGFv+v?CSv9Sv+v?(<v9SvAvDv"v9ASv(Q*v9),hPyvx
<vv"vvTvv>|vvAvvqvv9h@vv?FvvOG

k
(100pvv,GC8vv?vvvOhdGBvvz+HGyvvgvvQNvvvvv<vv9SvvAvvDvv"vv9AGyvvTvvgvv(O*vv?vvvvvhy+=vv+vv9

hG}QOfhFvv+vv=vv(O,hIvvAvv)20pvv,GC8vv?vvv9yvvTvv(OGfhGyvvZvv(|vv9d),CjEf
q

!vvTvv>G:vvvAvvqvv9A
GyvvPGOGyvvjvvPGFvv,pvv+vv%vv9|vv"vvMvvqvv]vv?FvvOG

k
h$vv,<vv9yvvAvv9[@vvgvvAvv}vvOpvv,ivvPGFvv%vv9fvv̂GyvvOhdGC(QqOI

yvv%vvPgGyvvTvvzvvgvv?h$vv,Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hvvv"vvOGhGyvvOhdG}hQh<vv+?hCSvvAvvQGy+9,
h|gd~$PgGyOhd|g9O*?yza}(I9JGygQ<+?.

EPGvvv9fGyvv(GsvvhGAvv9[yvv~|vv#GyvvjvvPGFvv,GyvvgvvQNSvvzvv=vv+vv9
k
<vvOQFvv?@vvR*vvOfvv#50pvv,GC8vv?

h<vvMvv9Yvv?<vv9yvv"vvTvv=vv?E]GyvvTvvzvvhGyvvjvvPGFvv+vv?G}Svv9Svv+vv?vvv9Avv=vv(HhGyvv=vvtvv(y+9JhGyvvTvvwvvQ,hfvvOO

Svvwvv9!vv&svvQG<vv?298|vvz+(f!vvTvv}vv?pvv,Gyvvgvv9eGCOQhS(fvv9e2003),vvv+vvrSvv+vvwvv(ffvvz+&
GAvv9dpvv,Gyvvgvvtvv(OG}h]|vv#GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#Cjpvv,fvv9e2020|vvDvv;

k
?Ivv+vvE

|vv#GCAvv(svvhCf*vvZvv{fvvOOSvvwvv9fGyvv(_vv#GyvvgvvQNC9<vv+#492vvvvv542|vvz+(f!vvTvv}vv?(hpvvu
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|vgvOd!v}v(Svwv9P*vtvh<v+#2,5pv,GC8v?vvvvv3,8pv,GC8v?@vtvQ*v=v9
k
)(20)hpv,\v(AIvOhO*v?

GC(GQOGC9Fvv+vv?hG}Q\vv+vv?GyvvgvvQ<vv+?,hG!vvMvvqvv9V|vvgvvO:JGyvvjvvzvv?h@vvZvvJvvQsvvTvv~vvv=vv+vvQ|vv#
G}QG\vv,GCavvQ*vv?,hivv+vv9HG:SvvAvvDvv}vv9QGJGyvvgvvQ<vv+?fvv#GyvvRQGfvv?,hGfvvAvv}vv9OGyvvOhdGyvvgvvQ<vv+?
Gyvv"vvqvvavv+vv?pvv,@vv(pvv+vvQGIvvAvv+vv9Fvv97vv9GyvvjvvPGFvv+vv?fvv#_vvQ*vvuG:SvvAvv+vvQGO,hivv+vv9HGyvvtvvQGQGyvvTvv+vv9Svv,
hG:svvAvvZvv9OjGC(IvvO,pvv;!vvAvv(svvhyvv~|vv#GyvvjvvPGFvv,GyvvgvvQN|vvTvvAvvtvv=vv;

k
Cf*vvwvv(fpvv,h\vvh

CIT#F9$(fz+&G6f,EfD*w#CS(C|"&.

G@OhdQs~(15vvvvv5)
!T>G:vAq9AGyPGOCG}(f9JGyTzhGyjPGF+?GyQF+T?

p,GyOhdGygQ<+?yg9e2003(p,GC8?)
GyOhy?I=(H<t(dOQ!+9JL]Qp(Gv&SwQR*(JA~MA~HS}x<+^Iz+>

G}QOf111495139538472198710046

G |9QGJ14124349vvvvvvvvvv3318763824

Gy=JQ*#YqQYqQYqQ911YqQYqQ4747141389

@(!U145087101104YqQ1710010110010016

G@RGFQ1821889985YqQ8941009410040

F+=(OYqQYqQYqQYqQYqQYqQYqQ50YqQ65YqQYqQ

GyTg(O*?28YqQ998464YqQ253594010448

GyT(OGf7591991011009211610010010110097

GygQGb596398100100YqQ311009810010086

S(Q*98810910011310114721001005510186

GyZ(|9d6451YqQ90113572810010010110099

f}9f3YqQ407781YqQYqQ3042143689

pzTa_103898126126YqQ48631003610097

saQ3YqQYqQ3217YqQYqQ6167110010

Gyw(*B2YqQ344111YqQYqQ713241949

*A=vvvvvvvvvvvvvh

(20)hGCvvuQSvv(dBivv9,zGC(GQOGC9Fvv+vv?GCAvv9Ivv?hGCTvvzyvv?GC9Fvv+vv?pvv,Gyvv(_vv#GyvvgvvQN,yhQsvv?svvO|vvBE]:GC+vv9g
hOhQ$v9G:SvAvQG@v+Gv,pv,Gyv(_v#GyvgvQN:Cfv}v9dGyv"vOhIGyv=vQC9!v+?GyvgvQ<v+?GBv9|vTv?GyvAv,!vdv}v%v9G:;v9OGyv=vQC9PGyvgvQN
<v9yvAvgv9hf|vhGyvWvgv=v?Gyv=vQC9!v+?GyvgvQ<v+?GyvTv(Q*v?,17-18Vv=v9W/pv=vQG*vQ1997(O|vvWvvu:G:;vv9OGyvv=vvQC9PGyvvgvvQN,
[1998]).
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@9<vvvvvvvvvvvvvh

y="9f151311296119140761003410232

y+=+99211049495YqQ268399939926

|ZQ67561101031047542811008310079

GCjQH51871001081224522999913610070

|(Q*A9!+94286647676YqQ1100661419585

Gy+}#2143100102100YqQ690501579634

GCA(Sb48619810096324088821079868

GCZOQ:GCZOQ!qT&.

hpv,Gyv(Gsvh@v"vOQGyvOQGSv9JGyvAv(svgv+v?yv~|v#GyvjvPGFv,GyvgvQNpv,Gyvgvtv(OG}h]|v#
GyvvtvvQfGyvv(GIvvOhGyvvgvvWvvQ*vv#<vv9SvvAvvDvv"vv9AGyvvOQGSvv9JGyvvOhy+?hG svvz+}vv+vv?,vvvOQGSvv9J|vv"vvdvv}vv?
G}ivvP*vv?hGyvvRQGfvv?GyvvOhy+?,h|vv"vvdvv}vv?ivvQHBSvv+vv9hVvv}vv9dCpvvQ*vvtvv+vv9(G *vvTvvwvv(G),h|vvQGvvvR
Gyvvv=vvvJvvv(KGyvvvOhy+?GC%vvvAvvv}vvv?<vvv}vvv(\vvv(YGyvvvjvvvPGAvvvv}vvvgvvv%vvvO<vvvJvvv(KSvvv+vvv9Svvv9JGyvvvjvvvPGAGyvvvOh[

(IFPRI),GyvvPjCFvvQiOQGSvv?|vvqvvZvvzvv?Ivv(d|vvTvvAvvtvv=vv{GyvvjvvPGApvv,G}svv9y+~GyvvOhy+?IvvAvv)
fvvv9e2020,h|vvv"vvv%vvv9Esvvvz+~ivvvQHBSvvv+vvv9hVvvv}vvv9dCpvvvQ*vvvtvvv+vvv9GyvvvPj@vvv"vvvAvvv}vvv,Ey+&OhdGyvvv(_vvv#
GyvvgvvQN,<vv9SvvAvvDvv"vv9AGyvvZvv(|vv9dh|vv(Q*vvAvv9!vv+9hGyvvTvv(OGfhFvv+vv=vv(O(GyvvAvv,@vvZvv"vvrOhy+9

k
\vv}vv#

Esvvvz+~GyvvvZvvvJvvvQGAG}pvvvQ*vvvtvvv+vvv?).h*vvv]vvv~Esvvvz+~ivvvQHBSvvv+vvv9hVvvv}vvv9dCpvvvQ*vvvtvvv+vvv9vvvv;
k
|vvv#@vvvQvvvv+vvv9

hE*vvvvQGfhsvvvv=vvvvQU(h$vvvv,Ohd|vvvvwvvvvAvvvvqvvvv+vvvv?PG@vvvv+9
k

hivvvvPGFvvvv+vvvv9
k
<vvvv9Avvvv=vvvv(HhGyvvvv=vvvvtvvvv(d@vvvvtvvvvQ*vvvv=vvvv9

k
);

hCpvvjvv9!vvTvvAvv9fPGJGyvv(\vvhGBvv9UhGyvvAvv,|vv9RGyvvB,hSvvAvv=vvtvv)yvvqvvAvvQI_vv(*vvzvv?!vvTvv=vv+vv9
k

,@vvgvv+vvX
f^GCT9fOGJ.

|vv9CQ*vvOsvv(yvv&pvv,$vvPGGBvvZvv(UEfOQGSvv?|vvgvv%vvO<vvJvv(KSvv+vv9Svv9JGyvvjvvPGAGyvvOh[
GCAvvgvvzvvtvv?<vv9}|vv#GyvvjvvPGFvv,pvv,Esvvz+~ivvQHBSvv+vv9hVvv}vv9dBSvv+vv9,@vv"vvavv=vvuvvvz+?fvv̂|vvTvvAvvtvv=vv{
GyvvjvvPGApvv,Gyvv(_vv#GyvvgvvQNIvvAvv)fvv9e2020.h@vvtvv(d$vvPgGyvvOQGSvv?Ef|vvTvvAvv(QOGJ$vvPG
G svvvz+~|vvv#GAvvv=vvv(HSvvvAvvvZvvv{E]75|vvvz+(f_vvv#,CjEfGyvvv(_vvv#GyvvvgvvvQNSvvv+vvv]vvv9fvvvr
|vTvAv(QOG@v&|v#GAv=v(H,fv̂G}sv{,Lv;dfvtvO*v#|v#GyvR|v#(|v#56|vz+(f_v#fv9e

2003E]CvvvvvDvvvvQ|vvvv#100|vvvvz+(f_vvvv#fvvvv9e2020).h$vvvvPgIvvvvtvvvv+vvvvtvvvv?hGsvvvvgvvvv?!vvvvdvvvvQG
k

E]
GSvvAvv%vv;vvv&100|vvz+(f_vv#Ivv=vv(Hfvv9e2003,h|vv#GCqvvAvvQV|vv]vv9fvvqvv?$vvPgGyvvwvv}vv+vv?
!vvdvvQG

k
E]|vv]vv9fvvqvv?GyvvTvvwvv9f,hfvv̂pvvQV<vvtvv9A|vvgvvOdGSvvAvv%vv;cGyvvqvvQO|vv#GAvv=vv(Hfvv̂

Ivv9yvv&fvv9e2003Cj329vvvkpvv,GyvvTvv"vv?,hfvv̂pvvQV|vv]vv9fvvqvv?IvvGvv~G !vvAvv9LGCJvv\
|"%9.
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h$vPGC|vQiv+vQ|v]v}v(f<vTv=v>IvOhO*v?GC(GQOG}Q\v+v?GCQh*v?,hIvOhO*v?GC(GQO
GC9Fv+v?Gyv;R|v?yvAvJv(*v{G}QG\v,GCavQ*v?E]CQGV

m
|vQh*v?,hyvzvgv(G|v{G}LvQiGCPvv(QI

B!vvqvv9.h|vv9*vvtvv9d<vv9yvv"vvTvv=vv?E]GSvvAvv+vvQGOGAvv=vv(H,*vvtvv9dC*vv]vv9
k
<vv9yvv"vvTvv=vv?E]GSvvAvv+vvQGO|vvgvvdvv~

GCGvv}vv(fvv9JGyvvTvvzvvgvv+vv?GyvvjvvPGFvv+vv?G}LvvQi,h$vvPG*vvgvv"vv,|vv]vv9fvvqvv?svv+vv}vv?GyvvqvvGvv(I|vv#15,4
|vvz+9QOh:QC|vvQ*vvwvv,fvv9e2003,yvvAvvZvv{31|vvz+9QOh:Qfvv9e2020(|vvh<vvtvv9ACSvvgvv9Q
GyvTvzvhGyvjvPGFv+v?fv9e2020vv}v9$v,fvz+&fv9e2003,h$vPGC*v]v9

k
C|vQiv+vQFvwv#yvR*v9OI

Gyvvavvzvv>Gyvvgvv9C,fvv̂GyvvTvvzvvhGyvvjvvPGFvv+vv?fvv#IvvGvv~fvvQ\vv%vv9pvv,GyvvgvvtvvO*vv#Gyvvtvv9O|vv_).h*vvgvvAvv=vvQ
GC=vzvkGCPvv(Qvv=v+vQG

k
FvOG

k
fv̂|vgvdv~GyvOhdGyvgvQ<v+?,h*vZvgv>@v(pv+vQgpv,Gyvgvtv(OGyvtv9O|v?

h<M9Y?EPG|9!]>Gy"qbp,<g^GyOhdGygQ<+?GC"AG?y&.

596



/X)QvvvvvvvvvvvvvvZ

yvvtvvOfvvQ\vvBpvv,GyvvqvvZvv(dGyvvTvv9<vvtvv?|vvqvv9$vv+vv~GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?hGyvvgvv(G|vv{
Gyvvvqvvv9fvvvzvvv?fvvv̂;vvvtvvv+vvvtvvv%vvv9pvvv,GyvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvv(_vvv#GyvvvgvvvQN,E\vvv9pvvv?E]fvvvQVyvvvzvvv(Gsvvvh
GyvvjvvPGFvv,hyvv~|vv#GyvvjvvPGFvv,pvv,$vvPgGyvvOhdhGCGvvAvv}vvgvv9J.hGyvvTvv|GdGCavvQhMpvv,8vv9*vv?$vvPG
GC|y

q
r*A}D{<96O:

$vvv{@vvvTvvvAvvvavvv+vvvhGyvvvOhdGyvvv"vvv9|vvv+vvv?hGyvvv(_vvv#GyvvvgvvvQN;vvvtvvv+vvvu$vvvPgGyvvvAvvv"vvv}vvv+vvv?pvvv,GyvvvdvvvQha
GyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvgvvTvvwvvQ*vv?,hpvv,hFvv(OYvvQGYGAvv]vv9QGJ<vv+#
HvAv}vgv9JGyvOhdGCAvav(QIhHvAv}vgv9JGyvOhdGyv"v9|v+v?GBvqv,hGCgvzv#?yv5Fv9<v?fv#GyvTv|Gd
GCPvvv(Q:<ovvOv|vv#GSvvAvvgvvQGV,hyvv(<vv9LvvAvvZvv9Q,$vvPgGyvvdvvQhaGyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?
hG:FvAv}v9fv+v?hGyvgvTvwvQ*v?,hYvQGYGAv]v9QGJ<v+#HvAv}vgv9JGyvOhdGCAvav(QIhHvAv}vgv9J
GyOhdGy"9|+?.

<v9yv"vTv=v?E]GyvOhdGyv"v9|v+v?,<v}v9pv+v%v9GyvOhdGyvgvQ<v+?,pvtvO@vgvQ\vBpv,GyvtvQ!v+#GyvAv9Svh
fvvWvvQhGyvvgvvWvvQ*vv#C(Fvv?G:SvvAvvgvv}vv9QGyvvjvvQNhyvvzvv"vv}vv(GyvvQCSvv}vv9[<vvJvv+vvEfvv}vvzvvBGyvvOhdGyvvwvv=vv+vvQI
fvv̂GsvvAvvTvv9eGyvvgvv9DGyvv"vv9|vv,|vvTvvAvvjvvzvv?<vvPyvvx<vvzvvrGyvv=vv"vv)G:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvgvvTvvwvvQ*vv?
pvv+vv&.yvvtvvO@vv(SvvgvvB<vvQ*vvavv9!vv+9CvvvDvvQ|vv#140|vvQqI|vv#|vvTvv9Ivv?FvvR*vvQ7vv9G}Yvvz+q?,h\vv9fvvqvvB
$vv(yvv"vvOG|vvTvv9IvvAvv%vv9CvvvDvvQ|vv#60\vvgvvqvv9

k
hpvvQ!vvTvv920\vvgvvqvv9

k
,h$vvwvvPG<vvtvv+vv?GyvvOhdG}hQh<vv+?

G}LvvvQi.h|vvvh@vvv(SvvvhYvvvQGYGyvvvOhdG}hQh<vvv+?GCTvvvAvvvgvvv}vvvQIyvvv=vvvgvvv]vvv%vvv9|vvv#Lvvv;dGAvvvQ<vvv+#
Gyvvvgvvv9C+vvvAvvv_G}h]hGyvvvDvvv9!vvv+?,hcvvv%vvv(Q|vvvgvvvTvvvwvvvQGyvvvOhdG:VvvvAvvvQGvvvv+vvv?,Lvvv;dGyvvvgvvvtvvv(OGBvvv}vvvTvvv?
G}Lv+vQI|v#GyvtvQfGyvgvWvQ*v#,GyvPjOLv{pv,$vPGGyvZvQGYIv(qyvB|v"v9_vuGyv"vqv(Ppv,Gyvgv9D
h<OCJ|QIz?FO*OI|#GyAa(QGyT+9S,hG:sAZ9OjhG:FA}9f,p,Gyg9D(1).

(1)Ivv}vv(OG}VvvQe,Ivv9\vvQGJpvv,GCGvvAvv}vvhGyvvQ*vvqvv,(Ivvzvv>:|vv"vvWvv(QGJFvv9|vvgvv?Ivvzvv>,vvvz+?GyvvRQGfvv?,

1976).
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|vv#Fvv%vv?CLvvQi,FvvQJLvv;dGyvvgvvtvv(OGyvvDvv;Cvv?(1945-1975),GyvvAvv,Cfvvtvv=vvB
GAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?,fvv}vvz+9JGSvvAvvtvv;dGyvvOhdGyvv"vv9|vv+vv?GCTvvAvvgvv}vvQIpvv,v

o
vv{
q

|vv#<vvzvvOGf
BSv+v9hCpvQ*vtv+v9hC|vQ*vwv9Gyv;@v+"v+v?,E:Cf

q
|vgvdv}v%v9D*vAvTv#nyv&G:!vqv;J|v#Cfv=v9AGyvTv+vavQI

G:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvTvv+vv9Svv+vv?hGyvvDvvtvv9pvv+vv?GC=vv9VvvQIhivv+vvQGC=vv9VvvQIyvvzvvOhdGyvvjvvQ<vv+?,
h<vMv9Yv?OhdGyv(:*v9JGCAvJvOIG}|vQ*vwv+v?h<vQ*vav9!v+9hpvQ!vTv9.h<v9yvAv9[<vtv+vB$vPgGyvOhd
Gyvvvv"vvvv9|vvvv+vvvv?@vvvvQRM;vvvvBCfvvvv=vvvv9AHvvvv}vvvv(fvvvv?|vvvv#Svvvv}vvvv9JGyvvvvAvvvvMvvvvzvvvvrGyvvvvTvvvv+vvvv9Svvvv,hG:svvvvAvvvvZvvvv9Oj
hG:FA}9f,IAq)G6fh|#C<QR$9GyA9[:

Ch:
k

:S}9JGyAMzrGyT+9S,
!fvvvOehFvvv(OGyvvvTvvvzvvvavvv?pvvv,C*vvvOjGyvvvqvvv8vvv9JGyvvv(_vvv"vvv+vvv?:GyvvvAvvv,EvvvDvvv{ivvv9yvvv=vvv+vvv?Svvvwvvv9f

GCGvvvAvvv}vvvgvvv9J,EPIvvvQYvvvBGyvvvOhdGCTvvvAvvvgvvv}vvvQIfvvv̂E<vvvtvvv9A$vvvPgGyvvvTvvvzvvvavvv?pvvv,C*vvvOjsvvvzvvv?|vvv#
G}pvvQGO(fvvTvvwvvQ*vv_Ch<vv(QFvv(GR*vv_Ch:vv9Q)y+wvv(!vv(GYvvzvv?Gyvv(Yvv{<vv+#GyvvOhdGCTvvAvvgvv}vvQI
S9<t9

k
h<+#GC(GQOGya=+g+?y%PgGyOhdGy"9|+?6Oa@"d+~f}z+?GSAj;y%9.

!\vvvgvvvrGyvvvOhdGyvvv"vvv9|vvv+vvv?Svvv+vvv9Svvv+vvv9
k

fvvv̂Gyvvv"vvvavvv9bGyvvvgvvv9C,:pvvvqvvv,fvvv9e2005$vvv"vvv9c
@vvvWvvvwvvv{GyvvvOhdGyvvv"vvv9|vvv+vvv?CvvvvDvvvQ|vvv#Cvvv;Cvvv?CQ<vvv9YOhdGyvvvgvvv9D(|vvv"vvvdvvv}vvv?G}|vvv~GCAvvvJvvvOI),h:
@vTvAvav+vhG<

q
v9PsvQGQyvZv9yvKVvgv(6v9pv,HvzvUG}|v#GyvOh[GyvPj@vZv9ZsvQGQG@v&<vJvTv>

|vvZvv9yvvKGyvvOhdGyvvjvvQ<vv+?hIvvzvvqvv9Fvv%vv9(vvv}vv9$vv(GAvv9d<vv9yvv"vvTvv=vv?E]GyvvtvvQGQGJGCAvvgvvzvvtvv?<vvJvvtvv(b
GyWg>GygQNh<M9Y?GyqzTa+",|"&).

!G:Q@vv=vv9WGyvvTvv+vv9Svv,yvvtvvTvv~vvv=vv+vvQ|vv#GyvvOhdGyvv"vv9|vv+vv?<vv9yvvOhdG}hQh<vv+?h<vv9yvv(:*vv9J
GCAJOIG}|Q*w+?,v(fGyOhdG}h]L9\g?GsAZ9O*9

k
hGFA}9f+9

k
hpwQ*9

k
yzOhdGyD9!+?.

!fvvOe@vvgvv9hfGyvvOhdGyvv"vv9|vv+vv?Svv+vv9Svv+vv9
k

|vvh<vvgvv]vv%vv9<vvWvvwvv{FvvOj,hEfCLvvPJ$vvPg
Gyd9$QI@A]9AdvD+QG

k
p,G6h!?G}L+QI.

C9!+9
k

:S}9JGyAMzrG:sAZ9Oj

!\grGyta9YGyZ"9f,hS+aQIGyZ"9f?GBq+q?.

!Gyvvavv9<vvhGyvvRQGfvv,GCAvvMvvzvvrhGfvvAvv}vv9OGyvvRQGfvv?fvv̂IvvZvv(dChGCvv"vv_QFvv+vvTvv+vv_pvv,
GAZ(df^GyOL{Gyt(|,v9yta#(|ZQhGyT(OGfhS(Q*9hi+Q$9).

!GyA=g+?G:sAZ9O*?hfOeG:SAtQGQG:sAZ9Oj.

!G!AW9QGy=a9y?h!t[Gy+OGyg9|z?GB=+QI.
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!R*vvv9OI|vvvgvvvO:J!vvv}vvv(GyvvvTvvvwvvv9f<vvvWvvvwvvv{hG\vvvKGyvvvAvvv,@vvvTvvv%vvv~<vvv9!vvvMvvvqvvv9V|vvvAvvv(Svvvb
GyOL{GyqQOjGC"Mq^CY;

k
.

!G!Mq9VGyOL{Gyt(|,hS(A@(R*g&f^Sw9fGytaQ.

C9yD9

k
:S}9JGyAMzrG:FA}9f,

!G!AW9QG}|+?<Ww{hGSh!A+G?yzR*9OIGyTw9!+?Gyw=+QIGCTA}QI.

!fOe@(GpQGyZJ?hG!AW9QG}|QGVGy(<9F+?.

!hF(Oc(G$QS(AGyAjP*?.

!fOe@(GpQGyTw#GyZJ,GC;F~yj9y=+?GyTw9f.

!Gy%GQIGyOGLz+?yz}Ofh<M9Y?yza=t9JGCAgz}?hGB=+QIyzOhdGCAa(QI(2).

yvvtvvOvvv9!vvBGyvvZvv_,GyvvAvv,OLvvzvvBGAvvQHGyvvDvv9!vv+?|vvhG:;vv9OGyvvTvv(pvv+vv9O,|vv#GyvvOhd
Gyv"v9|v+v?Gyvtv;Fv{GyvAv,VvP

q
Jfv#GyvOhdGyv"v9|v+v?G}LvQi,hGSvAvav9fvBCf@vAvGv"v>Svzv=v+v9J

hSvv}vv9JGyvvAvvMvvzvvrGyvvTvv+vv9Svv,hG:svvAvvZvv9OjhG:FvvAvv}vv9fvv,GyvvTvv9<vvtvv?,Qivv~GyvvAvvz*vv+vvOGCavvzvvu
yvzv(:*v9JGCAvJvOIG}|vQ*vwv+v?yv%v(!vkvv(!vkGC"vqvZvzv?fv#GyvZv_,hGSvAvav9fvB<vOhQ$v9<v"v9A
Gyvvtvv(IG:svvAvvZvv9O*vv?hGyvvgvvTvvwvvQ*vv?hG:FvvAvv}vv9fvv+vv?hGyvv"vv(h*vv?GyvvAvv,CYvv=vvJvvBG6f<vv+vvrGyvvOhd
GyvvjvvQ<vv+?hGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?<vvWvvwvv{Lvv9U.vvv}vv9@vvQivv>Gyvv%vv"vvOhGyvv=vv9vvvTvvAvv9f
GIvvvAvvvPGAIvvvPhGyvvvZvvv_pvvv,$vvvPGGCGvvv9d,pvvv9SvvvAvvvavvv9fvvvBv

o
vvv{
q

|vvv"vvv%vvv}vvv9E!vvvAvvv9LGyvvvtvvv"vvv=vvvzvvv?Gyvvv"vvv(h*vvv?
h<9yA9[<OCJGyOhdGyjQ<+?hGy(:*9JGCAJOIG}|Q*w+?;T>IT9<9

k
yw

o
{

q
|"%}9.

yvvtvvOOLvvzvvBGyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?GAvvQHGyvvgvv9C+vv?GyvvDvv9!vv+?h$vv,|vvQ@vv9Ivv?,
hGSvAvjvzvBG|vAv;vv%v9Gyvtv"v=vzv?GyvPQ*v?GyvAv,GSvAvMvO|vAv%v9pv,Gy+9<v9fpvzQ$v=vBGyvgvOhhGyvZvO*vu
6vv9,h<vv9yvvAvv9[GSvvAvvzCvvQJ@vvtvvQ*vv=vv9

k
<vv9yvv"vvqvv(PGyvvjvvQNGyvvgvv9C,fvv̂GCGvvAvv}vvh(<vv9SvvAvvDvv"vv9A|vvgvvTvvwvvQ

GyvOhdG:VvAvQGvv+v?GyvPjvv9f*vAvRfv}v&G:;v9OGyvTv(pv+v9OB!vPGc).yvtvOGSvAvav9fvBGyv(:*v9J
GCAvvJvvOIG}|vvQ*vvwvv+vv?h<vvqvv]vv{G}|vv(GdGyvvAvv,YvvQpvvAvv%vv9,|vv#Lvv;d|vvWvvQhY|vv9QVvv9d,@vvavv(*vvQ
GyvvOhdG}hQh<vv+?GBvv9SvvQIyvvzvvJvvQH(CC9!vv+9hE*vvavv9y+9hGy+9<vv9fhGyvvOhdGCAvvJvv9yvvqvv?|vvgvv%vv9),
h;vv(*vvzvv%vv9E]|vv"vv9_vvu!vvqvv(Pyvv%vv9Svv(GApvv,GCGvv9dG:svvAvvZvv9OjChGyvvTvv+vv9Svv,ChGyvvgvvTvvwvvQj,
h<vvvMvvv9Yvvv?pvvv,YvvvQGfvvv%vvv9|vvvhOhdGCgvvvTvvvwvvvQGyvvvWvvvQsvvv,Svvv9<vvvtvvv9

k
h\vvvO

q
|vvv9*vvv(Yvvvr<vvv9 Q$vvv9H

Ivvv9y+9
k

,EP|vvv9RGyvvvByvvv%vvv9G6fsvvv(GfvvvOfvvvTvvvwvvvQ*vvv?pvvv,$vvvPgGyvvvOhdhivvv+vvvQ$vvv9,h<vvv9yvvvAvvv9[Evvv\

(2)GCZOQ!qT&.
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fvvz+%vv9G:SvvAvvQG@vv+Gvv+vv9JGyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvgvvTvvwvvQ*vv?,<vvWvvwvv{|vv=vv9VvvQ
Chi+Q|=9VQ.

h|vvvh|vvvavvvzvvvhGyvvvtvvvQfGyvvv(GIvvvOhGyvvvgvvvWvvvQ*vvv#hSvvvtvvv(WGyvvv"vvvdvvv9eG:VvvvAvvvQGvvvv,pvvv,|vvvgvvvTvvvwvvvQ
GyvvOhdGyvvWvvQsvv+vv?(GyvvPjG<vvP@vv&Gyvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?hGyvvOhdGyvvQCSvv}vv9y+?G}LvvQi
$vvvOpvvv9

k
GSvvvAvvvQG@vvv+Gvvv+vvv9

k
CJvvv9Q<vvvAvvv&hESvvvtvvv9_vvv&_vvv+vvvzvvv?pvvvAvvvQIGyvvvgvvvtvvv(OGyvvvDvvv;Cvvv?G}Lvvv+vvvQI|vvv#GyvvvtvvvQf

GyvgvWvQ*v#);v(yvBGyv(:*v9JGCAvJvOIG}|vQ*vwv+v?,h<vMv9Yv?<vgvOCIvOGKGAv9OjfvWvQ|v#
C*vvzvv(d/Svv=vvAvv}vv=vvQGyvvAvv,E

q
vvBpvv,!vv+(*vv(QchhGVvv"vvavv#,E]Ivv9Q<vv?GyvvOhdGyvv"vv9|vv+vv?<vvWvvwvv{ivv+vvQ

|vv=vv9VvvQ|vv#Lvv;d|vv9C_vvzvvtvv"vv9fvvz+&GAvvQHfvv̂G Q$vv9H,6vvOa@vvavv=vv+vvu|vvqvv%vv(eGyvvtvvQ*vv?
Gyvv(GIvvOICjGyvvgvv(C?GyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?hGyvvqvvwvvQ*vv?hGyvvDvvtvv9pvv+vv?,<vvAvvavv=vv+vvu
|vvqvv9$vv+vv~GyvvO*vv}vvtvvQG_vv+vv?GyvvjvvQ<vv+?hG}|vvQ*vvwvv+vv?,h;vvBSvvAvv9QGCGvvAvv}vvhGyvvOh[h|vv"vvdvv}vv?G}|vv~
GCAvvJvvOIhHvvzvvUG}|vv#.h<vv9yvvAvv9[GIvvAvvz

q
vvBCpvvjvv9!vvTvvAvv9fhGyvvgvvQGb,h;vv9hdG6f|vv"vvhEvvzvvx

<g^GyOhdGy"9|+?G}LQiGya9s?Gy"(h*?h<M9Y?G S;|+?hGygQ<+?|"%9.

h!vvgvv(OG6fE]G Fvv9<vv?fvv#GyvvTvv|GdGCavvQhMpvv,<vvOG*vv?GBvv9Evv?,yvv"vvtvv(dEf
q

fvv}vvz+?
GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?pvv,GyvvOhdGyvv"vv9|vv+vv?,h$vv,FvvRA:*vvAvvGvvRC|vv#fvv}vvz+?GyvvAvv"vv}vv+vv?
GyvvWvv9|vvzvv?GCTvvAvvOG|vv?(<vv}vvMvvAvvzvvrC<vvgvv9O$vv9hYvv(Q$vv9GyvvTvv+vv9Svv+vv?hG:svvAvvZvv9O*vv?hG:FvvAvv}vv9fvv+vv?
hGyvDvtv9pv+v?hGyvqvwvQ*v?),h:*v}vwv#pvZvzv&fv#Gyvw

o
v{
q

.Cj:*v}vwv#;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?
GCTvAvOG|v?pv,<vzvOm!v9em

h|v9RGyvB<vtv+v?C!v(GYGyvAv"v}v+v?GyvWv9|vzv?GCTvAvOG|v?iv+vQ|vAvJvtvtv?.h$vPg
y+TvB!vtvav?@vWv9D|v+v?hE!v}qv9!vtvav?fvzv}v+v?hG\vJv?.h<v9yvAv9[;vAv9LGyvOhdGyv"v9|v+v?E]h\vh
GSvvAvvQG@vv+Gvv+vv?h_vv"vv+vv?Vvv9|vvzvv?yvvzvvAvv"vv}vv+vv?GCTvvAvvOG|vv?GyvvWvv9|vvzvv?,@vvgvv9yvvH=vv+vvhYvv(QhC<vvgvv9OhC!vv(GY
GyvvAvv"vv}vv+vv?,<vv}vv9pvv+vv%vv9GyvvAvv"vv}vv+vv?GyvvRQGfvv+vv?GCTvvAvvOG|vv?h@vvavv=vv+vvufvv(G|vvzvv%vv9Gyvvqvv9fvvzvv?GyvvAvv,;vvOCvv"vv9fvv"vv%vv9
<{S%9H,h!g+O$9$"9C9!+?<9LAZ9QVO*O:

vvvvv@vvv(pvvv+vvvQC!vvv(GYhCYvvv"vvv9aGyvvv"vvv=vvv9@vvv9JhGCJvvv9Yvvv+vvv{GCMvvvAvvvzvvvqvvv?h@vvvQ<vvv+?C!vvv(GYGAvvv+vvv(G!vvv9J
GC;Fvv}vv?yvvzvv}vv"vv9NGCAvvjvv+vvQ(IvvQGQIhC|vvavv9QhQ_vv(<vv?h\vv(Ahivv+vvQ$vv9|vv#Gyvvgvv(G|vv{GC"vv9Lvv+vv?),
p,GC"9_uhG}s9y+~GCMAzq?.

vvvvv@vv(pvv+vvQhEOGQIGC(GQOGC9Fvv+vv?<vvWvvwvv{fvvzvv}vv,yvvAvvJvvtvv+vvuGyvvRQGfvv9JGCQh*vv?hGyvvRQGfvv9J
GyvvvAvvvwvvvDvvv+vvvqvvv+vvv?hfvvvOe$vvvOQ$vvv9:|vvv#svvv=vvv{GCRGQfvvv_h:|vvv#svvv=vvv{GyvvvWvvv=vvvwvvv9JGC9Fvvv+vvv?GBvvv9Yvvv?
<Pyx.

vvvvv@vvvv(pvvvv+vvvvQhEOGQIGC(GQOG}Q\vvvv+vvvv?<vvvvWvvvvwvvvv{fvvvvzvvvv}vvvv,6vvvvOaR*vvvv9OIG !vvvvAvvvv9LGyvvvvRQGfvvvv,
y+Avvv"vvv9Svvv>|vvvhR*vvv9OIGyvvvTvvvwvvv9ffvvv̂G}svvv{,hfvvvOeGyvvvTvvv}vvv9M,;vvvBJvvvAvvvzvvvrGyvvvdvvvQha,
<AO$(Q$9Ch@ZJQ$9h<9yA9[LQhF%9|#GyRQGf?.
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vvvvv@vv"vvTvv+vvuG!vvTvv+vv9HGC(GQOGyvv=vvWvvQ*vv?<vvWvvwvv{*vvAvv;Ae|vvhR*vv9OGJG !vvAvv9LGyvvRQGfvv,|vv#
Fv%v?,h@vOQ*v>$vPgGC(GQOGyv=vWvQ*v?h<vWvwv{|vTvAv}vQfv̂fv}vz+9JIvqveGC(GQOGyvav=v+vgv+v?
(CQVh|+9g)|#F%?C9!+?.

vvvvvG svvv;d|vvv#GSvvvAvvvMvvvOGeGC=vvv+vvvOGJGyvvvwvvv+vvv}vvv+vvv9Fvvv+vvv?hvvvvPyvvvxG}Svvv}vvvOIGCgvvvO!vvv+?svvvOQ
G |vvwvv9f,hEIvv;dG}Svv}vvOIGyvvgvv]vv(*vv?hGCwvv9pvvJvv?GCAvvwvv9|vvzvv?yvv7pvv9JhGAvvWvvQGJIvvzvv%vv9
h@vvOQ*vv>G}SvvQGyvvQ*vvqvv+vv?fvv̂|vvqvv9$vv+vv~GyvvRQGfvv?Gyvvgvv]vv(*vv?,CjGyvvRQGfvv?GyvvAvv,:@vvTvvAvvMvvOe
$PgGC=+OGJhG}S}OIGyw+}9F+?.

vvvvvGSvvvAvvvMvvvOGeGyvvv=vvvPGQGCJvvvTvvv"vvv?hGCgvvv9@vvv?PGJ|vvvgvvvO:JG !vvvAvvv9LGyvvvgvvv9y+?Gyvvv(GQOI|vvv#
Ia9JGy=J(KhIa9JEvD9QGy=PGQGAw(|+?.

vvvvvG@vv=vv9YGSvvAvvQG@vv+Gvv+vv?fvvzvv}vv+vv?yvvzvv=vvJvv(KGyvvRQGfvv+vv?_vv(*vvzvv?GCOifvv̂GCTvvAvv(iGCJvv\,
@vWv}v{=v+vhFv(G!v>G !vAv9LGyvRQGfv,h@vTv(*vtv&hEv(*vzv&h<vR*v"v&,h@v(pv+vQGyvwv9OQGyvgvzv}v,
yvv%vv9<vv9SvvAvv}vvQGQ,|vvhG:SvvAvvgvv9!vv?<vv9Bvv=vvQGJG}Fvv"vv=vv+vv?h|vvQGvvvRGyvv=vvJvv(KGyvvOhy+?hG svvz+}vv+vv?
hGygQ<+?.

vvvvv@vvvavvv=vvv+vvvuGyvvvAvvvtvvv9!vvv9JGAvvv+vvv(*vvv?hGyvvvAvvvtvvv9!vvv9JGAvvvO*vvvDvvv?G}LvvvQipvvv,Hvvv9:JGyvvv=vvvJvvv(K
GyvvvvRQGfvvvv+vvvv?hG !vvvvAvvvv9LGyvvvvRQGfvvvv,,h<vvvvMvvvv9Yvvvv?|vvvv9*vvvvAvvvvgvvvvzvvvvu|vvvv"vvvv%vvvv9Ivvvv9y+9

k
<vvvv"vvvvdvvvv~GCgvvvvzvvvv(|vvvv9J

hG:@Z9:Jh|q9$+~Gy%"OS?Gy(QGC+?.

vvvvvGAvvqvv9Xfvv̂GyvvAvv"vv(YGAvv+vv(j<vv}vvMvvAvvzvvrCVvvwvv9yvv&Gyvv"vv=vv9OhGAvv+vv(GP,hGyvvwvv9Fvv"vv9J
GyOs+t?GCq+OI.

vvvvvGyvAvQvv+vRfv̂OhQGCQCIGyvQ*vqv+v?pv,;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?vv(8v9GCTv9$v~
G}vvv=vvQpvv,Gyvv"vvWvv9_vv9JGyvvRQGfvv+vv?GCMvvAvvzvvqvv?,h<vv9yvvAvv9[@vvOQ*vv=vv%vv9GyvvAvvOQ*vv>Gyvvwvv9pvv,|vv#svv=vv{
G@%9JGCg"+?.

vvvvv\vvQhQI|vvQGfvv9IGyvvgvv(C?G:svvAvvZvv9O*vv?hOQGSvv?@vvzCvv+vvQG7vv9fvv̂E!vvAvv9LGCRGQfvv_hfvv̂
OL(y%~,h<9yA9[:">GyAzC+QGJGyTz=+?h@WG+hGyAzC+QGJG K9<+?.

vvvvv\vvQhQIR*vv9OIG:SvvAvvDvv}vv9QGJGCTvvAvvMvvO|vv?pvv,GyvvRQGfvv?h<vvMvv9Yvv?|vv#svv=vv{Gyvvtvvavv9Y
GBv9U,hG<

q
v9P=v+vhG FvQGAGJGyvAvWvQ*vgv+v?hG OGQ*v?yvAvWvGv+vh$vPgG:SvAvDv}v9QGJ(Ivz+?

hfQ<+?hCF"=+?),f^G:!T+9Hp,GCW9Q*hGyRQGf+?.

vvvvv\vvQhQIGCJvv9pvvdvv?fvv̂G}|vv#GyvvjvvPGFvv,GCJvv\hfvvOe@vvgvvQ\vv&yvvzvvAvvzCvv+vvQGJGyvvgvv9C+vv?
GyTz=+?.
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vvvvv\vvvQhQIGyvvvAvvvgvvv9hf|vvvhGyvvvOhdGyvvvgvvvQ<vvv+?pvvv,Hvvv9:JG !vvvAvvv9LGyvvvRQGfvvv,h@vvvTvvv(*vvvtvvv&
<9yOQF?G}h],C~q|hGyOhdGyZO*t?hCL+QG

k
|hGyOhdG}LQi.

pvv,Gyvv(_vv#GyvvgvvQNIvv+vvEo*vv(FvvOCvvv=vvQJvvRhfyvvzvv"vvqvvbGyvvgvv9C,,EP|vv#Lvv;yvv&@vvOhQ
GyvvZvv"vv9fvv?GyvvjvvQ<vv+?h<vv9yvvAvv9[*vvAvvQGvvv~GyvvQCSvv}vv9dGyvvjvvQN,vvv}vv9Ef

v
=vv+vvhOhyvv&@vvO*vv#<vv9yvvO*vv#

G Svv;|vv,.hvvv;Gyvvgvv9|vvz+#Fvvgvv{GyvvQCSvv}vv9dGyvvjvvQNFvvDvv;
k
<vv9yvv(:*vv9JGCAvvJvvOIG}|vvQ*vvwvv+vv?

h<v9yvOhdGyvjvQ<v+?,h<v9yvAvgv9hf|vhGyvZv%v+v(!v+?Gyvgv9C+v?,*ovvJvwpv~sv=v]vAv&fv̂Ohyv&<vWvwv{Ch
<vv5LvvQ(@vv9QI<vv9yvvZvvOGsvv?Gyvvwvv9P<vv?h@vv9QI<vv9AvvQhH<vvJvvGvv?@vvavv=vv+vvuGyvvO*vv}vvtvvQG_vv+vv?)|vv"vvP

o
<vvOG*vv?

GAvvQHGyvvgvv9C+vv?G}h]hIvvAvv)G6f.<vv{@vvROGOGyvv%vvGvv}vv?fvvz+&|vv#svv=vv{Gyvv(:*vv9JGCAvvJvvOI
G}|vQ*vwv+v?<vJvGv?G Q$v9HG Sv;|v,.h$v"v9@vwv}v#GBvav(QIGyvwv=vQiGyvAv,@v(GFv&GyvWvgv>
GyvgvQN<vGv}v+vhOhyv&GCAv}vDvzv?<vAvtvTv+v~Ohyv&E]Oh*v;JhpvuGCPG$v>GyvO*v"v+qv?ChGyvgvQsv+v?,
:Iv(dyv%v9h:sv(I,;vBGSv~GyvO*v}vtvQG_v+v?GCR*vqv?,h<v9yvAv9[GyvTv+vavQIfv̂|v"v9<vhGyv"vqvb
hfvv̂GyvvQCSvv}vv9dGyvvgvvQNGCJvv\hGBvv9QFvv,(GC(Fvv(Opvv,Gyvv=vv"vv(cG}Fvv"vv=vv+vv?hGCtvvOQ<vv}vv8vv9J
EfD*vvwvv#<vv5:aGCz+9QGJ|vv#GyvvOh:QGJ)h$vv(IvvQc|vv=vv9VvvQyvv;svvAvvZvv9OGyvvjvvQN.h@vvQc
GyvvWvvgvv>GyvvgvvQN*vvtvv(e<vv9yvvgvv}vv9yvv?GyvvQLvv+vvZvv?yvvzvvWvvQvvv9JGyvvjvvQ<vv+?hGyvvZvv%vv+vv(!vv+?\vv}vv#|vvqvv%vv(e
GyWQbG}hSbGyw=+Q.

pv,Gyv(GsvhGyvgv}v\:*v}vwv#;vtv+vuGyvAv"v}v+v?GyvRQGfv+v?GCTvAvOG|v?h:Cj!v(Y|v#C!v(GY
GyvvAvv"vv}vv+vv?GyvvWvv9|vvzvv?GCPvvv(QIB!vvqvv9

k
E:<vv9yvvAvvMvvzvv[Gyvvwvv9|vv{|vv#C!vv(GYGyvvTvv+vvavvQIG}Fvv"vv=vv+vv?fvv̂

GC(GQOGC9y+?hGyv"vqvav+v?GyvgvQ<v+?,h\vQhQILvzvusv9fvOIGsvAvZv9O*v?Yv"v9fv+v?hRQGfv+v?h@vtv"v+v?
|vvAvvavv(QI,vvv}vv9pvvgvvzvvBGyvvZvv_hGyvv%vv"vvOhGyvv=vv9vvvTvvAvv9fhvvv(Q*vv9GyvvWvv}vv9y+?hivv+vvQ$vv9|vv#GyvvOhd.
h$vvPg|vv%vv}vv?G}Fvv+vv9dGyvvtvv9O|vv?GyvvAvv,*vvtvvhfvv̂fvv9@vvtvv%vv9;vvtvv+vvu|vvDvv{$vvPgGyvvAvv"vv}vv+vv?GyvvWvv9|vvzvv?
GCTAOG|?,h<9yA9[;t+uGyA"}+?GyRQGf+?GCTAOG|?.
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G9QdG-vvvvvvvvvvvl

1vvvvvGygQ<+vvv?

vAvvvv>

E<vvQG$vv+vv~,=vvgvv?.!vv}vv9PLGyvvAvvGvv9QHGyvvgvv9C+vv?hGyvvgvvQ<vv+?Gyvv"vv9FvvJvv?pvv,Hvv9dGSvvAvvMvvOGeGCwvv9pvvJvv?
GCAw9|z?.Iz>:F9|g?Iz>,1999.

G}VvvQe,Ivv}vv(O.G:svAvZv9OGyvRQGfv,:CSv9Sv+v9JhE!vAv9LIv+v(GP.>vv9I:Fvv9|vvgvv?Gyvv=vvgvvE,
vz+?Gya>Gy=+aQj,|O*Q*?GywA>hGCa=(f9J,1976.

vvvvvvvvvvvvvvvvvvvvvv.Iv9\vQGJpv,GCGvAv}vhGyvQ*vqv,.Ivzv>:|v"vWv(QGJFv9|vgv?Ivzv>,vvz+?GyvRQGfv?,
1976.

<vvQ!vv9|vvHG}|vv~GCAvvJvvOIG !vv}vv9Fvv,.@vvtvvQ*vvQGyvvAvv"vv}vv+vv?Gyvv=vvWvvQ*vv?yvvgvv9e1994.<vv+QhJ:|vvQvvvR
OQGS9JGy(IOIGygQ<+?,1994.

G@vvv9QFvvv,,Ivvv}vvvOGyvvvTvvvgvvv+vvvO.Gyvvgvvtvv=vv9JhGCJvvOOGJyvv"vvWvvQhGSvvAvvMvvOGeGCwvv9pvvJvv?GCAvvwvv9|vvzvv?
hE|w9!+9JGyAjz>fz+%9.GBQ_(e:GC"d}?GygQ<+?yzA"}+?GyRQGf+?,1999.

Fvv9|vvgvv?GyvvOhdGyvvgvvQ<vv+?,G}|vv9!vv?Gyvvgvv9|vv?[hBLvvQhf].GyvvAvvtvvQ*vvQG:svvAvvZvv9OjGyvvgvvQNGC(IvvO,
1991.;Q*QY"OhbGy"tOGygQN.Gyt9$QI:G}|9!?Gyg9|?,1991.
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